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ABSTRACT
Three colonies of Formosan subterranean termites
collected

from

antagonistic

Lake

towards

Charles,
each

Louisiana

other,

and

were

three

of

not
five

colonies collected from New Orleans, Louisiana also showed
no aggression.
parishes,

Colonies collected from widely separated

however,

often showed antagonistic behavior

towards each other.

Workers provided food to soldiers

from different but amicable colonies whether nestmate
soldiers

were present

grooming

also

was

or

not.

observed.

Intercolonial
Furthermore,

mutual

termites

assisted other termites of the same colony or an amicable
one in finding food.

This assistance in finding food

occurred when termites
surface.

Based

on

foraged underground or on the

these

experimental

results,

compartmentalized preconditioning termite bait

a

system

(CPBS) was developed.
Harking Formosan subterranean termites with rubidium
(Rb)

was

feasible.

Rubidium-marked

termites

were

distinguishable from unmarked termites for at least one
month.

Rb can be transferred from workers to soldiers.

D-aspartic

acid

and

L-glutamic

acid

were

most

preferred by Formosan subterranean termites in multiple
choice feeding preference tests with 19 other amino acids.
Feeding preference on D-aspartic-treated
xi

filter paper

remained high regardless of termite colony origin or
original

food

(tree)

source.

Formosan

subterranean

termites fed preferentially on filter paper treated with
L-aspartic acid over that treated with distilled water in
a choice test.

L-proline, L-lysine,

and L-isoleucine

increased food consumption by termites in a no-choice
feeding test.
A new technique to quickly screen termite feeding
stimulants from natural products was developed.

Feeding

stimulants were bioassayed by allowing termites to feed on
a treated paper chromatography Btrip.

Active bands of can

be located by comparing the location of termite feeding on
the tested paper strip with the reference paper strip.
The matching bands determined to be feeding areas are then
cut

from

solvent.

the

reference

paper

strip

and

washed

with

A feeding bioassay apparatus, essential to this

new screening technique was developed.

xii

INTRODUCTION
The

Formosan

subterranean

termite,

Coptotermes

formosanus Shiraki, is a worldwide pest which attacks both
living trees and structural wood
1983b).
Srilanka,

(Bess 1970, Lai et al.

Its distribution includes China,
Africa,

Guam,

Midway

island,

Japan,
Hawaii

Brazil,
and

the

continental United States (Gay 1970, Su and Tamashiro 1987).
Kistner (1985) described a staphylinid inguiline from the
nests of Formosan subterranean termites near Shanghai city
and Guangdong province of mainland China.

This provided

evidence that Formosan subterranean termites originated from
mainland China,

it is commonly accepted that during World

War II, Formosan subterranean termites were introduced from
mainland China into the continental United States (Su and
Tamashiro 19B7, La Fage 1987).

Today Formosan subterranean

termites have expanded their distribution over at least nine
states in the United States including Alabama, California,
Florida, Georgia, Louisiana, Mississippi, South Carolina,
Tennessee, and Texas (Su and Tamashiro 1987, Haagsma et al.
1995).

Owing

aggressiveness,

to

their

and

large

difficulty

population
of

size,

control,

high

Formosan

subterranean termites have become one of the most serious
urban pests in the United States (Su & Scheffrahn 1990).
Chemical and physical barrierB, impregnating the infested or

1

2
susceptible wood with preservatives and termiticides, and
excavating termite nests are the main methods to control
Coptotermes termites (French 1991).
limitations.

For

example,

Each method has its own

in

contrast

to

native

subterranean termites, the Formosan subterranean termite can
establish its colony without contact with the ground (Su et
al. 1990).

Chemical and physical barriers, therefore, do

not always work.

In addition, the high dose of termiticides

applied as a chemical barrier has caused much public concern
on environmental safety (La Fage 1986).

In the mainland of

China, excavating the nest was a primary method to control
Formosan termites.

However, it is very time consuming to

locate the nest, so excavation has become limited.

These

control difficulties have lead to investigations of bait
technology.

Bait technology does not have the same problems

encountered in other control strategies.

Bait technology

place only a small amount of toxicant in the environment and
only target insects that feed on the bait are effected.
Baits

do

not

require

to

locate

the

nest,

because

subterranean termites engage in trophallaxis (transfer of
food to other colony members).

As a result, toxicants are

spread through the colony after the bait is fed on by some
of the foraging termites.

3
Esenther and his coworkers initiated the bait concept in
controlling termites (Esenther 1982, Esenther & Beal 1974,
1978, 1979, Esenther 4 Gray 1968).

h bait with dechlorane

(mirex) as the active toxicant proved to be very effective
in

suppressing

the

foraging

population

subterranean termites in China (Lin 1983).

of

Formosan

Delayed toxicity

is a required characteristic of a termite bait toxicant.
For Formosan subterranean termites, many toxicants other
than mirex have been tested, including boric acid (Su et al.
1994),

A-9248,

diflubenzuron

diiodo-p-tolylsulfone
(Su

4

Scheffrahn

(Su et

1993,

al.

Tomlin

1991),
1994),

hexaflumuron (Su 1994, Su 6 Scheffrahn 1993), hydramethylnon
(Tomlin

1994),

sulfluramid

silafluofen

(Su 6 Scheffrahn

(Grace
1991).

et

al.

1992),

It has

and

also been

reported that the plant JUieuneo jupanic Thunb. Roth has both
attraction and delayed toxicity to Formosan subterranean
termites (Lin et al. 1991).
Bait methods have been used to monitor, collect, and
experimentally control subterranean termites

(Beard 1974,

Ostaff and Gray 1975, French and Robinson 1981, Ewart 1988).
The bait matrix materials used in the bait include m o d
blocks (Huang 1975, Usher 1975, Esenther 6 Beal 1978, 1979,
Buxton 1981, French 4 Robinson 1984), rolls of toilet paper
(Haverty et al. 1975, Johnson 4 Whitford 1975, La Page et
al. 1976, French 4 Robinson 1980, Schaeffer 4 Whitford 1981,

4
Ferrar 1982), corrugated cardboard (Howard et al. 1982, La
Fage et al. 1983, French & Robinson 1984, 1985a, 1985b), and
cork (French et al. 1986).
To

date,

the

main

problem

in

baiting

techniques

against Coptotermes species is the inconsistency of bait
acceptance (French 1991).

Successful use of baits depends

upon our knowledge of termite foraging behavior and food
acceptance.

Termites like all insects, response to chemical

and physical stimuli in their environment to locate food and
continue feeding.

Termites are social insects and as such

the behavior of an individual termite is modulated by the
activities of others.

in this respect, semiochemicals as

well as other possible communication cues,

such as sound

(Stuart 1988, Leis et al. 1992), play an important role in
coordinating

individual

behavior

and

development and well being of the colony.

ultimate

the

Only after fully

understanding both the chemical and physical factors which
mediate the foraging behavior will it be possible to solve
the inconsistency of bait acceptance.
Food finding, as well as nestmate recognition, trailfollowing,

colony growth, alarm, and defense of termites

depend on special chemical cues (Howse 1984).

Tokoro and

his coworkers (1989) isolated the trail pheromone from C.
formosanus and identified it as (Z,z,E)-3,6,8-dodecatrien-l-

5
ol (DTE-OH).

prestwich et al.

trall-pheromone

activity of

(1984) have looked at the

dodecatrienols

compounds of other species of termites.

and

related

Some laboratory

studies have attempted to identify chemicals that induce and
inhibit

feeding

by

termites

(Yaga

1972,

Mishra

1992,

Schaefer and Whitford 1981, Scheffrahn & Rust 1983).

These

chemicals include both nutrients and allelochemicals.

Yaga

(1972) reported the components of sugar and amino acids in
the secretion of workers of Formosan subterranean termites.
Sucrose has been added into baits as a feeding stimulant of
Formosan subterranean termites (Dai & Luo 1980, Li et al.
1983).

Surprisingly, although many publications mention

that sucrose can increased the bait consumption, there have
been

no

publications

reporting

the

comparison

between

consumption of bait treated with sucrose and bait without
sucrose.
in

Data are lacking to support this common practice

China.

Previous

research

indicates

that

Formosan

subterranean termites strongly prefer sugar maple

(Acer

saccharum Harsh) loblolly pine (Pinus taeda L.), and slash
pine (P. elliottii Englem. var. elliottii) (Smythe & Carter
1970).

However, what chemicals contribute to these feeding

preferences has not been identified.
The Formosan subterranean termite is a serious pest on
sugarcane in some area of southern China.

Sugarcane bagasse

6

has been used in baits to increase their attractiveness to
termites (Li et al. 1983, Lin 1983).

Again, however, there

are no publications that identify the active chemicals in
bagasse.
As mentioned previously, termite foraging is a social
procedure.

It is commonly accepted that termites recruit

their nestmates to food sources.

Recruitment behavior can

be exploited in bait technology, but only a few papers have
addressed the question (Su 1994, French 1994).

Fusion of

colonies in the field has been reported (Su and Scheffrahn
1988).

It

is

possible

that

associated with one bait.

more

than

one

colony

is

Both intra- and intercolonial

interaction may affect bait acceptance.
In

the

study

of

subterranean

termite

feeding

relationships and interactions between colonies, dyes and
radioisotopes
However,

have

safety

radioisotopes.

been

problems

used

as

have

marking

limited

techniques.

the

usage

The dye is not transferrable among workers

and can not be used to investigate their subtle
relationship.

of

A safe and more

sensitive

feeding

marker

would

greatly enhance termite research.
Studies
soldiers)

on intercolonial

using the dye,

feasibility

of using

food transfer

(workers

Neutral Red is reported.

rubidium as a marker

for

to
The

termite

7

research is also examined,

intracolonial and intercolonial

food finding facilitation is investigated and, consequently,
a new termite

bait delivery system has

been developed.

Methods for rapid screening of feeding stimulants from both
known chemicals and natural products were developed.

Amino

acids, sugars, termite nest carton material, and pine wood
extracts were assayed for feeding stimulants.

It is hoped

that the outcome of this research will result in a better
understanding

of

the chemical

ecology

of

the

Formosan

subterranean termites and in the development of new tools
for its control.

CHAPTER

1

INTERCOLONIAL INTERACTION OF FORMOSAN SUBTERRANEAN
TERMITES, COPTOTERMES FORMOSANUS SHIRAKIt EVIDENCE OF
FOOD TRANSFER AND MUTUAL OROOMINO
Introduction
It is common for termites to attack other colonies of
the same

species

(Nel

1968,

Thorne 1982, Clement 1986).
termites,

Howick and Creffield

1980,

However, Formosan subterranean

Coptotermes formosanus Shiraki,

are not always

antagonistic toward conspecifics of other colonies when they
are mixed in the laboratory.

Colonies of c. formosanus from

Lake Charles, Louisiana (Delaplane 1991a) and Hallandale,
Florida

(Su

and

Scheffrahn

1988)

did

not

display

antagonistic behavior towards other colonies collected from
the same location.

Furthermore, fusion of two colonies of

Formosan

subterranean

termites

reported

(Su and Scheffrahn

in

1988).

the

field

has

been

As a result of the

absence of aggression between C. formosanus colonies, Su and
Haverty (1991) suggested that intercolonial aggression could
not

be

used

to delimit

colony

foraging

territories

southern Florida as it does for other species

in

(Nel 1968,

Thorne 1982, Levings and Adams 1984, Clement 1986, Jones
1987, Adams and Levings 1987).
The nature of colony fusion among termites is quite
interesting but little understood.

8

No information exists on

9

the interaction between fused colonies.
between fused colonies?
between

colonies.

Is food transferred

If so, there is energy transfer

Because

trophallaxis

is one

of

the

important ways for termites to transfer pheromones among
individuals,

food transfer would

interaction among colonies.

inevitably enhance

the

Intercolonial food transfer

might also impact termite bait efficacy because the toxicant
could then be spread between interacting colonies.
Mutual grooming is a common behavior among nestmates.
This also is a means of pheromone transfer.

Bait efficacy

also could be enhanced if intercolonial grooming occurs.
Although its total

function is unknown,

mutual grooming

already has been exploited in the bait dusting treatment
(French 1994).
The mortality of termites when placed together from
different colonies in a laboratory arena has been used to
assess colonial aggression
order

to

provide

a

(Thorne & Haverty 1991).

better

understanding

of

In

colonial

interactions, aggressiveness of Formosan termite colonies
from different locations in Louisiana was determined by
assessing

their

mortality

when

placed

together.

Intercolonial grooming behavior and food exchange also was
examined.

10

Materials and Method3
Termites.

Formosan subterranean termite collections

were made from three colonies inhabiting baldcypress trees
(Taxodium distichum [L.] Rich.) along the Calcasieu river in
Lake Charles (LI, L2 and L3), one from an infested home in
Houma (H), one from a tree stump in Baton Rouge (B), and
five from houses and trees in New Orleans (Nl, N2, N3, N4,
and N5).

Termites from baldcypress trees were collected by

using cardboard-baited traps (La Fage et al. 1983). Other
termites were collected by shovel

from excavated nests.

Baldcypress trees along the Calcasieu river were in water
and were isolated from each other by more than 500 m.
Intercolonial

aggression

between

colonies.

Ten

colonies from the above four different locations were used
in this experiment.

The difference in mortality of termites

in mixed colony groups versus same colony groups was used to
evaluate the aggressiveness between colonies.

Four dishes

(5 cm diam., 4.7 cm high) were connected by Tygon tubing (5
mm inner diam., 10 cm long) to a "mixing dish" (5 cm diam.,
4.7 cm high)

(Figure 1.1).

In each dish,

filter paper

(Whatman # 1, 4.25 cm diam.) was placed to serve as a food
source.

In order to distinguish the origin of termites in

the laboratory mixed groups, termites from one colony were
dyed before each experiment.

Two thousand termites

from
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dish 1
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\

mixing
dish
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Figure 1.1. The apparatus used to determine the
aggressiveness between colonies.
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each tested colony were dyed by placing them (with about 10%
soldiers) in a plastic box with moist vermiculite and fed
Nile Blue A (VWR Scientific, New Orleans, LA) and cellulose
(SIGMA Chemical Co. St. Louis, MO)(0.1% Nile blue) for 10
days.
For examination of intercolonial interaction,
workers

and five soldiers were placed in dish

45 dyed

1 and 4 5

undyed workers and five soldiers from a different colony
were placed in dish 2.

As a control for each intercolonial

experiment, dyed and undyed nestmate termites were set-up
similarly

as

temperature

above.

All

25-28*C

and

distilled water.

apparati

were

moistened

After 24 hours,

kept

at

regularly

room
with

living termites were

counted for each set-up and mortality was recorded.

All

combinations of the three colonies from Lake Charles (LI,
L2, L3), one from Houma (H), one from Baton Rouge (B), and
two from New Orleans (Nl and N2) were tested simultaneously.
All

combinations

Orleans

(N3,

separate

N4,

of

the other

three

experiment.

Inc.

For each combination and

1992, Evanston,

matched

A t-test (SYSTAT

IL) was used to compare the

mortality of colony combinations
controls.

from New

and N5) were tested in a similar but

control, there were three replications.
5.2.1,

colonies

to that of the

paired
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Intercolonial
Four

colonies

experiment.

(L2,

response
L3,

H,

of
and

individual
B)

were

workers.

used

in

this

In order to track the individual termite, two

termite workers were involved in each experimental unit.
one

group

observed.

of

experiments,

intercolonial

In

behavior

was

One worker from each of two different colonies

was placed in a dish (6 cm, diam. 4.7 cm, high) lined with
filter

paper

included

L3

(Whatman #1
with

L2

5.5

cm diam.).

(replication

-

Combinations

4),

B

with

(replication = 5), and H with L2 (replication = 5).

L2

For a

control, intracolonial behavior was observed by placing two
termites

from L2 together in a dish

(replication - 4).

After introducing termites, each dish was left undisturbed
for at least 30 min, then the number of encounters between
the termites, episodes of biting, running away, and mutual
grooming

was

recorded

for

one

hour.

Mutual

grooming

behavior further was categorized as antennae grooming, head
grooming,

mouth

grooming,

grooming,

depending

grooming.

A t-test (SYSTAT 5.2.1, Inc. 1992, Evanston, IL)

on what

abdomen

grooming,

part of

the

body

and

anus

received

was used to compare the number of intercolonial behaviors in
each category to that observed in the intracolonial dishes.
A Chi-square test (SYSTAT 5.2.1, Inc. 1992, Evanston,
was used to test for the difference in number of grooming

IL)
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given by L2 versus grooming given by L3, and to determine if
grooming was significantly unidirectional or bidirectional.
Intercolonial

feeding

of

soldiers

by

workers.

Three colonies collected from Lake Charles, Louisiana (LI,
L2,

and L3) were used.

Workers and soldiers

from each

colony were placed in different combinations to test whether
workers provided food to soldiers from different colonies.
A mixture of cellulose and 0.1 % Neutral Red
Louis, MO) was used as food for the termites.

(SIGMA St.

Colorization

of termites as a result of feeding on the dye, and mortality
of soldiers in each combination were recorded every 2 days
for 22 days.

Four soldiers were placed with a mixture of

cellulose and 0.1% Neutral Red to serve as a control
L 2 , and

L3).

The

combinations

of

termites

in

(LI,
this

experiment were as follows *
1, four soldiers from each of three colonies (LI, L2,
and L3).
2,

four soldiers with

16 workers

from a different

colony, with the following six combinations!
a.

four

L3soldiers + 16 LI worker.

b.

four

L3soldiers + 16 L2 workers.

c.

four

LIsoldiers + 16 L3 workers.

d.

four

LIsoldiers + 16 L2 workers.

e.

four

L2soldiers + 16 L3 workers.
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f. four L2 soldiers + 16 LI workers.
3, two soldiers with 16 workers from one colony,
two

soldiers

from

a

different

colony,

and

with

the

following six combinations!
a.

twoL3 soldiers* + two LI soldiers + 16 LI workers.

b.

twoL3 soldiers* + two L2

c.

twoLI soldiers* + two L3 soldiers + 16 L4 workers.

d.

twoLl soldiers* + two L2 soldiers + 16 L2 workers.

e.

twoL2 soldiers* + two L3 soldiers + 16 L3 workers.

f.

twoL2 soldiers* + two Ll soldiers + 16 Ll workers

soldiers + 16 L2 workers.

*half of one antenna was cut with fine scissors (Fine
Science Tools,

INC., Foster City, CA)

for identification

purposes.
Each combination was placed in a plastic container (6
cm diam. 4.7 cm high).

All combinations were placed in a

large plastic container (20 cm diam., 20 cm high) and kept
at room temperature (20-25*C) with moistened paper towels to
keep humidity high.
An ANOVA (SYSTAT 5.2.1, Inc., 1992, Evanston, IL) was
used to analyze for differences in the proportion of dead
soldiers

which

soldier/worker

were

housed

combinations

alone
on

day

and
16.

selected as the most appropriate for the

with
This

anova,

different
day

was

since on day

18 there was complete mortality of soldiers housed alone.
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In this experiment,
also was

analyzed

the proportion of colorized soldiers
by

ANOVA

on

day

16.

Tukey's

mean

separation was used to separate means of the proportion of
dead soldiers and the proportion of dyed soldiers among the
different soldier/worker combinations.
Results
Intercolonial

aggression

between

colonies.

All

termite combinations collected from the same parishes showed
no aggression except combination N1 and N2;
combinations
together

of termites

showed

whereas all

from different parishes

aggression

{Tables

1.1

and

placed

1.2).

For

combinations among Ll, L2, and L3 {Table 1.1), and among N3,
N4,

and

N5

{Table

1.2),

there

were

no

significant

differences in mortality whether housed with non-nestmate
termites

or

nestmates.

in

all

widely

separated

combinations, there were significant differences from the
controls in mortality between termites (Tables 1.1 and 1.2)
and one of the two colonies always died out after 24 hours.
Although N1 + N2 showed aggression towards each other, both
coloniessurvived after 24 hours, which was not the case for
other combinations from different parishes.
Intercolonial
Termite combinations

response

of

individual

from Lake Charles,

workers.

whether nestmate

(L2 + L2) or non-nestmates (L2 + L3), showed no significant

Table 1.1. The mortality (%) of termites 24 hour after they were placed together with
termites from a different colony or same colony (mean i SE, N = 3).
colony of termites housed
colony
Ll

Ll

L2

L3

1.340.7

o.oto.o

0.0 0.0

100.0+0.0+

100.0+0.0* 100.0+0.0*

100.0+0.0*

0.0 +0.0

0.7+0.7

100.0±0.0*

100.0+0.0* 100.040.0+

100.0+0.0*

0.0+0.0

100.0+0.0*

100.040.0* 100.0+0.0*

100.0+0.0*

0.7+0.7

100.0+0.0* 100.0+0.0*

100.0+0.0+

o.oto.o

100.0+0.0+

H

B

N1

N2

2.0+1.2
L2

o.oto.o

1.3+1.4

L3
0.0+0.0

0.7+0.7

H
60.7410.4+

76.7+5.82*

0.0+0.0

63.3+2.9* 0.0+0.0

B
46.0+13.9*

74.7+5.9*

68.0+3.5* 72.7+5.5*

100.0+0.0*

o.oto.o
(Table 1.1 con'd)

colony of termites housed

colony

Ll

L2

L3

H

B

N1

N1
1.3+0-7

41.314.1*

76.711.8*

42.017.2* 62.712.9*

81.313.5*

N2
27.316.8*

2.710.7

N2

0.010.0
50.0113.1* 85.013.6*

46.717.5* 58.019.0*

03.313.5*

52.718.1*

0.010.0

In each intracolonial combination, there are two mortalities. The upper number is the
mortality of undyed termites, the lower number is the mortality of dyed termites.
*the mortality is significantly different to that of nestmate termites (t-test p value

< 0 .01 ).
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Table 1.2. The mortality <t) of termites 24 hours after
they were placed with termites from a different colony
or the same colony (mean t SB, N m 3).
colony of termites housed
colony
N3

N3

N4

N5

0.710.7

0.010.0

1.311.3

0 .010.0

2 .011.2

1.310.6
N4
1.310.7

3.311.7
0 .010.0

N5
0 .010.0

2.711.3

0 .010.0

In each intracolonial combination, there are two
mortalities; the upper number is the mortality of undyed
termites, the lower number is the mortality of dyed
termites.
in no case was mortality of non-nestmate termites
significantly different to that of nestmate termites (ttest p > 0.05).
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difference in the recorded behaviors (Table 1.3).

In widely

separated combinations (H + L2, B + L2 ) recorded behaviors
differed significantly from the L2 + L2 combination.
general

L2

+ L3 exhibited grooming behavior

encountered each other.

in

after they

In B + L2 and H + L 2 , biting and

running away, but no grooming behavior, was often observed.
Grooming was almost always unidirectional (Table 1.4,
X2 ■ 4.5, p < 0.05).

That is, one member of each termite

pair

initiated

almost

Reciprocation

always
of

grooming

and

sustained

occurred

only

grooming.

once.

In

combinations L2 + L3, L2 gave more grooming than L3 (Table
1.4,

X2 *

15.86,

p

<

0.0005).

During

grooming,

the

recipient usually remained still and slightly changed its
body position to facilitate the grooming, especially in leg
grooming.
Intercolonial

feeding

of

soldiers

by

workers.

The mortality of soldiers in each combination is shown in
Figure

1.2.

soldiers

was

On the

16th day,

significantly

the proportion

different

among

arrangements (DF ■ 2, F * 8.28, p * 0.006).

of

the

dead
three

Tukey's mean

separation indicated that significant differences occurred
between soldiers living alone when compared with soldiers
living with non-nestmate workers (P * 0.005), and soldiers
with nestmate workers and non-nestmate soldiers (P * 0.022).

Table 1.3. Number of contacts, grooming, biting, and running away, during one hour of
one-to-one observations of Formosan subterranean termites.
colony combinations
behavior
observed

L3 + L2
(n=4)

B + L2
(0=5)

H + L2
(o=5)

contacts

41.5 ± 7.2*

57.0 i 5.0**

antennae grooming

3.5 t 1.5

0**

Q**

7.3 ± 3.6

head grooming

5.5 t 2.3

o**

0**

6.8 i 2.8

mouth grooming

6.25 ± 2.3

o**

0**

5.3 i 2.9

abdomen grooming

6.5 t 2.9

0*

0*

5.0 t 3.0

anus grooming

1.5 t 0.87

0*

0*

2.0 t 1.1

leg grooming

6.0 t 2.6

o**

0**

7.0 t 3.0

bite

0.0 1 0.0

19.2 ± 2.4**

11.8 + 3.6**

0

run away

0.0 ± 0.0

37.8 1 3.3**

42.0 + 2.1**

0

53.8 ± 4.8**

L2 + L2
(o=4)
33.5 ± 4.1

(Table 1.3 con'd)

■mean ± standard error.
+P value <
0.05 ina t-test, comparing the number of times that
behavior was
displayedbetween non-nestmate3 to that observed in nestmate

a specific
combination

(L2 + L2).

value <
behavior was
<L2 + L2).

0.01 in a t-test, comparing the number of times that
displayedbetween non-nestmates to that observed in nestmate

a specific
combination

N>
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Table 1.4. The number and direction of grooming episodes
during one hour when two workers from different or same
colonies were housed together*.
colony combination
L2 + L3

L2 + L2

replication
10
1

3
— > L3

L2

-----

L2

>
L2

<—
1
2
-- > L3

5
L2 -- ---- > L2

— > L3

25
L2 -- ----> L2

12
L2 <---- --- L3

76
L2 -- ----> L2

2

L2

3

L2

4
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•number
above arrow is
the
number
of
grooming
episodes. Arrow indicates direction of grooming.
In combination L2 + L3, L2 gave more grooming than L3
(X* » 15.86, p < 0.0005).
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Figure 1. 2. Mortality of soldiers housed alone or in various soldier/worker
combinations.
•ANOVA shows that there is a significant d i f f e r e n c e a mo ng the various
soldier/worker combinations on day 16 ( D F = 2 , F = 8 . 2 8 , P = 0.006). Means on
day 16 followed by the same letter are not significantly different (P > 0.05)
using Tukey's mean separation.
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The proportion of dyed soldiers in each arrangement is shown
in Figure 1.3.
dyed;

thus,

As expected, no soldier housed alone became

there was

a significant

difference

in the

proportion of dyed soldier among three arrangements (DF * 2,
F * 6.44, P ■ 0.013).
that

Tukey's mean separation indicated

significant differences

occurred

between

soldiers

living alone when compared with soldiers living with nonnestmate workers (P = 0.01).
living alone and

Difference between soldiers

soldiers living with nestmate workers and

non-nestmate soldiers was not significant (P = 0.10).
In

the

soldiers

six

combinations

and workers,

after

of

soldiers

22 days,

with

other

33.3% of nestmate

soldiers and 58.3% of non-nestmate soldiers died (Figure
1.4),

and

58.0% of nestmate soldiers

and 25.0% of non-

nestmate soldiers became dyed (Figure 1.5).
of these combinations,

In five

of six

the nestmate soldier became dyed

faster than the non-nestmate soldier (Table 1.5).

Workers

preferentially provided food to nestmate soldiers.
Discussion
The

results

in

this

experiment

verified

that

geographical separation is associated with intercolonial
aggression in Louisiana.

These results support previous

observations (Delaplane 1991a).
always

from

the

same

The amicable colonies were

parishes,

however

colonies

from

different parishes were always antagonistic to each other.
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Figure 1. 3.
Percentage of soldiers that become dyed when housed alone or in
different soldier/worker combinations.
*0n day 16, ANOVA shows that there is a significant difference among soldiers
housed alone and in various soldier/worker combinations (DF = 2, F = 6.44, l1 0.013).
Means on day 16 followed by the same letter are not significantly
different (P > 0.05) using Tukey's mean separation.
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Figure 1. 4. The mortality of nestxace and ncn-nestmate
soldiers when housed with workers and dyad feed.
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non-nestmate soldiers

Figure 1. 5, The colorization of nestmate and non-nestmate
soldiers when housed with workers and dyed food.
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Table 1.5.
The time (day) required for first
soldier or first non-nestmate soldier to be d y e d .

combination

nestmate

non-nestmate

-

4

5

L.

6

^♦

3

6

8

-*

«

13

_»

5

12

*

£

_+

_*

♦no soldiers became dyed

nestmate
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The natural spread of Formosan subterranean termites
is very slow (Tamashiro et al. 1987, La Fage 1987 ).

if

genetic dissimilarity determines the antagonistic behavior
of termites,

then termites from the same location should

have a tendency not to be antagonistic toward one another.
However, unlike my results, antagonistic behavior between
colonies from Florida and Hawaii does not correlate well
with geographic locations (Su and Haverty 1991).

Genetic

similarity through natural spread may be a prerequisite for
termite colonies to be amicable,
determinant
disrupt

factor.

but it may not be the

Han's activities,

the pattern of natural

genetic

for example,

may

distribution of

Formosan termites through multiple re-introductions of this
species.

Delaplane

(1991a)

suggested that many factors,

including mandibular gland secretions, behavior differences,
and volatile digestive fluids may affect kin recognition in
Formosan

subterranean termites.

However,

the cause of

termite antagonistic behavior, or lack thereof, is still not
known.
In the field, it is possible that non-nestmate termites
will

share their food when colonies

become

intermixed.

Because of food transfer and mutual grooming, exchange of
pheromones between colonies

is possible.

profound effects on both colonies.

This may have

Considering the function
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of termite baits, it is indeed an advantage to have food
exchange and mutual grooming between colonies, thus allowing
the toxicant to be transferred from one colony to another.

CHAPTER 2
M A R K I M O P0RM08AM S U B T E R R A N E A N TERMITES,
C 0 P T 0 T E R M E 8 F Q R M O S A N U S . WITH RUBIDIUM
(ISOPTERAi
R H I N O T E R M I T I D A E )*

Introduction
In

studies

dynamics,

of

feeding

subterranean

relationships,

termite

population

interaction

between

colonies, and foraging territories, marking techniques are
extremely valuable.
marking termites.

Dyes have been the principal tool for
Historically, Sudan Red 7B has been used

extensively in termite research
Scheffrahn

1988,

Su et al.

(Lai et al.

1983a,

1983b,

1983a,
1984,

Su &
1988).

Generally, termites must be fed continuously with dyes for
at

least

one

week

for

proper

marking.

Radioisotope

techniques also have been used in studies on termite feeding
(McMahan 1963, Spragg & Paton 1980) and foraging behavior
(Li et al. 1976, 1981).
However, both dye and radioisotope marking techniques
have their limitations.

For example, Sudan Red 7B has been

reported to suppress termite feeding, as well as termite
symbiotic protozoans (Delaplane et al. 1988, Delaplane & La
♦reprinted by permission from Sociobioloav.
Henderson 1994.
C o p t o termes

Chen J. & G.

Marking Formosan Subterranean Termites,
focmosanus,

Rhinotermitidae).

with

Rubidium

Sociobiology 23: 17-26.
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(isopterai
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Fage 1969a).

Even currently used and less toxic dyes like

Neutral Red are powerful vertebrate mutagens and must be
handled with extreme care.

Radioisotopes,

on the other

hand, are not only difficult to work with in the field but
As

stated

by

McMahan

(1969),

social

insects

unusually sensitive to radiation effects.

might

be

McMahan (1969)

found that only 6000r was sufficient to kill all irradiated
termites within six days if the entire dose was given in 1.5
hours.

This is considerably below the dosage usually found

to

lethal

be

to

most

insects.

Because

of

possible

contamination to the environment, risks of using radioactive
markers in the field may outweigh any benefits

(Stimmann

1991).
A

safe

and

termite research.

nontoxic

marker

would

greatly

enhance

Such a marker should meet the following

criteria: 1) it should stay in or on the termite long enough
to fulfill a specific objective; 2) its presence should not
alter termites behavior; 3) the marker should be easy to
apply and relatively simple to detect; and 4) it should be
safe to the experimenter.
Berry et al.

(1972) initiated the concept of marking

insects with rubidium (Rb).

Rb is a relatively rare alkali

metal and is found only in small quantities in insects.

Rb

has since been used on various orders of insects, including
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Coleoptera (Shepard and Waddill 1976), Diptera (Burns et al.
1983),

Hemiptera

(Alverson et al.
1989).

(Fleischer
1980),

et

al.

1986),

and Lepidoptera

Homoptera

(Pearson et al.

Insects show no behavioral changes when marked with

Rb (Fleischer et al. 1986, 1988, 1989, Jackson et al. 1988).
Here we

report on the use of rubidium as a marker

for

termites.
Our objectives of this study were to determine
rate

of

uptake

by

the

Formosan

subterranean

1), the
termite,

Coptoteraes formosanus fed a Rb-enriched diet, 2), the rate
of Rb elimination by termites when transferred to Rb-free
diet, and 3), the effect of Rb on the survival of termites.
Material and Methods
The

uptake

of

Rb

by

termites.

All

termite

samples were collected from naturally infested bald cypress
trees in Lake Charles, Louisiana.

Only the undifferentiated

worker larvae of at least third instar and soldiers were
used for our experiments; these are generally the foragers
of a termite colony.

Approximately 2000 workers and 2 00

soldiers (determined by weight) were introduced into each of
three plastic containers (19 cm high, 20 cm diameter) with
50g filter paper permeated with either 2500 ppm, 5000 ppm,
or 7000 ppm Rb.

After introduction, termites were kept in

an incubator at 28*C.

Detection of Rb concentrations in
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workers and soldiers from 2500 ppm and 5000 ppm containers
were made on the 1st, 3rd, 5th, 11th, 17th, and 21st day.
Detection of Rb for termites exposed to 7 000 ppm Rb were
made on the 1st, 2nd, 3rd, 5th, 7th, 8th, and 9th day.
For

Rb

detection

analysis, termites

were dried

at

80*C for 24 hour and kept in a desiccator for at least 12
hours.

Each sample contained eight termites; three samples

were collected from each concentration level for each time
interval.

After weighing, dried termites were digested with

0.8 ml nitric acid,
(Kimble

glass,

placed in 20 ml scintillation vials

Inc.,

Vineland,

temperature for 24 hours.

NJ),

and

held

at

room

Perchloric acid (0.2 ml) was then

added to the scintillation vials and heated on a heating
plate to 200*c for 20 min.

After cooling, the completely

digested solution was transferred to a 2 5 ml volumetric
flask and brought up to 25 ml with deionized water. The Rb
concentration

was

detected

by

atomic

absorption

spectrophotometry (AAS) using a Perkin Elmer model 360 with
a model HGA 2100 graphite furnace at a wavelength of 780 nm.
The furnace was programmed at 100’C for 30 sec dry, 500’C
for 20 sec char, and 2050*C for 6 sec atomization.
To determine background Rb levels naturally found in
termites,

Rb concentrations of workers and soldiers were

analyzed separately.

Nine samples were taken from each
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caste, each sample contained 16 termites.

Procedure for

sample digestion and conditions for AAS were same as above.
Analysis of variance {SYSTAT 5.2.1, Inc. 1992, Evanston, IL)
was

used

to test

for differences

in the Rb background

concentration of workers and soldiers.
Elimination
being

reared

of

Rb

by

on a diet with

worker

termites.

5000 ppm Rb

for

After
17 days,

approximately 2000 workers and 200 soldiers were removed
from the Rb-treated diet and placed on a Rb-free diet.

On

the 1st, 3rd, 6th, 12th, 17th, and 30th day of exposure to
the Rb-free diet,

three samples,

termites, were collected.

each containing

eight

Throughout this 30 days, the diet

was replaced every three days.

Termites were dried and

weighed as above before acid digestion.

Rb concentrations

were determined as above.
The

effect

of

Rb

on

the

survival

of

workers.

Ninety workers and 10 soldiers were placed in a plastic dish
(8.1 cm diam by 3.5 cm high) in which one filter paper disk
(Whatman* #1, 7.0 cm) was placed on the bottom of the dish.
Disks were previously dipped in solutions of deionized water
and rubidium chloride (RbCl; 99+%, Sigma Chemical Co., Lot
#92H0269).

The Rb concentrations evaluated were

(control), 1000 ppm, 2500 ppm, 5000 ppm, and 7000 ppm.

0 ppm
Five

termite samples (units) were prepared for each concentration
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level.

All the unite were kept in an incubator at 28 *C and

sprinkled with water every 3rd day.

After 30 days, termite

mortality was determined by counting the number of living
termites in each unit.

Analysis of variance was used to

test for the effect among different Rb concentrations on the
survival of workers (SYSTAT 5.2.1, Inc. 1992, Evanston, IL).
Tukey's mean comparison was used to compare the mortality
between different Rb concentration and control.
Results and Discussion
The

uptake

of

Rb

by

termites.

Background

Rb

levels in Coptotermaa foruosanus averaged 26.8 ppm (± 5.77
SE)

for workers

(Figure

2.1).

endogenous
0.937).

and 23.4 ppm
There was

(± 7.45 SE)

no significant

for soldiers
difference

Rb levels between workers and soldiers

in

(p ■

stimmann (1974) recommended a criterion to separate

Rb-marked

insects

from their counterparts.

If

the

Rb

content is higher than the mean endogenous Rb concentration
by three standard deviations, the insect is considered to be
marked.

He suggested that this baseline would result in an

unmarked specimen being considered marked in only 1 of 200
specimens (a 0.5% error rate). According to that criterion,
the baseline for workers is 59.39 ppm and 62.14 ppm for
soldiers.
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Figure 2.1.
The Rb background level in Formosan
subterranean termites (mean ± si).
There was no
significant difference between workers and soldiers.
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The pattern of Rb uptake by workers on a 2500 ppm Rb diet
showed a rapid increase to 1102.32 ppm by day 3 followed by
a continuous steady level of about 1000 ppm (Figure 2.2).

A

similar pattern of Rb uptake was found in workers fed on the
diet containing 5000 ppm Rb (Figure 2.3).

Within the first

3

also

days,

Rb

concentrations

in

workers

considerably high level (980 ppm).

reached

a

However at 5000 ppm,

ittook a longer time for termites to reach their maximum Rb
concentration.

On the diet containing 7000 ppm Rb,

the

pattern of uptake by workers was different from the 2500 ppm
and 5000 ppm Rb diets (Figure 2.4).

On this diet there was

a steady increase of Rb concentration in the termites up to
day 9.

Although Rb was continuously accumulated in the

termites at this concentration (about 1821 ppm by day 9),
significant mortality of workers occurred by day 9.
concentrations

are equal

or

less than

readily be taken up by workers.

If Rb

5000 ppm it can

A significant level of Rb

uptake by day 3 greatly enhances the utility of Rb over
dyes.
Soldier termites acquire their food from the worker
caste of the colony through trophallaxis;
levels

therefore,

Rb

found in soldiers reflects the result of workers

feeding soldiers.

Interestingly, the patterns of Rb level

in soldiers fed by workers from different Rb concentrations
varied in our study.

This variation may be due to feeding
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Figure 2.2.
Uptake of Rb by workers and soldiers on a diet
containing 2500 ppm Rb (mean ± SE).
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Figure 2.3.
Uptake of Rb by workers and soldiers on a diet
containing 5000 ppm Rb {mean ± SE).
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Figure 2.4.
Uptake of Rb by workers and soldiers on a diet
containing 7000 ppm Rb (mean i SE).

43

preferences of workers toward soldiers and/or differences in
the solicitation of food by soldiers.

What this indicates

to us is the potential for using Rb in studies on trophic
relationships within a termite colony.

Recently,

It was

observed {Chapter 1) that some Formosan subterranean termite
colonies intermix with each other and that soldiers from the
same

colony

nestmates.

will

be

fed

Such

subtle

preferentially
differences

interactions need further study.

in

by

their

own

intercolonial

it was suggested that Rb

is the ideal marker for such studies.
Elimination

of

Rb

by workers.

The pattern of Rb

elimination from marked workers fits an exponential decay
model (Figure 2.5), and is described by the equation:
y - 1491.4163e<-o.0532x>

{R2

. 0.956).

As shown in Fig. 2.5, one month after termites were
placed onto the Rb-free diet, the Rb concentration in the
termites was much higher than the distinguishable endogenous
levels (background mean plus three standard deviations).
The
There

was

effect

of

Rb

a significant

on

the

survival

difference

among

of

workers.

different

Rb

concentrations on the survival of workers (DF - 4 F * 24.93,
p < 0.01).

In all treatments, only the 7000 ppm Rb in the

diet had a significant effect on the mortality of workers (p
< 0.01; Figure 2.6).

At concentrations of 5000 ppm Rb or
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Figure 2.5. Elimination of Rb by workers fed with 5000 ppm
Rb (mean i SE).
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Figure 2.6. Mortality of workers on diets with different
concentration of Rb (mean ± SE).
Bar with asterisk is
significantly different from control (P < 0.01).
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leas, no detrimental effect on the termites throughout the
30 day rearing was observed.
is

that

it

not

be

toxic

As a marker, the prerequisite
to

the tested

insect.

This

experiment showed that at 5000 ppm Rb or lower the diet is
safe to termites.
In

summary,

termites

fed

Rb-enriched

marked within the first three days.

diet

become

When fed 5000 ppm Rb,

Rb stays in the termites for at least one month.

There are

no detrimental effects on termites if the concentration of
Rb in the diet is equal to or less than 5000 ppm.

Combining

other properties of Rb, such as low mammalian toxicity, easy
application, and relatively low expense ($250/kg) makes it
quite clear that Rb should be the marker of choice
termite research.

in

CHAPTER 3
INTRABY

A D D IHTERCOLOHIAL FACILI T A T I O N O F FOOD F I N D I N G
F O R M O S A N SUBTER R A N E A N TERMITES , C O P T O T E R M E S
F O R M O S A N U S SHIRAKI

Introduction
It has long been known that termites utilize a trail
pheromone to recruit other termites to exploit food sources
{Howse 1984).
trail

Tokoro and his co-workers (1989) isolated the

pheromone of C.

formosanus and

identified

(z ,Z,E)-3,6,8-dodecatrien-l-ol (DETE-OH).

However,

it

as

trail

pheromones alone do not explain the termite recruitment
process completely, because only after a termite contacts
the chemical can the trail pheromone exert its effect.

As

proposed for Ralotermes flavicollis (Fabr.) by Leis et al.
(1992), it is possible that Formosan subterranean termites
use

other

cues,

such

as

sound,

in

addition

to

trail

pheromones in communicating with their nestmates,
Colony communication and energy
insects

transfer

can be enhanced through social

in social

facilitation,

communication which promotes activity (Wilson 1971).
example,

the

drywood

termite,

a

For

Kalotermes flavicollis,

increases liquid food exchange when increasing numbers of
individuals are present (Wilson 1971).
Whether

social

facilitation

subterranean termites is not known.
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exists

in

Formosan

However, hints of this
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form of communication were provided by Delaplane and La Fage
(1989c) when they showed that Formosan subterranean termites
concentrate foraging on a specific wood block, even when
other blocks, equal in every way, were present.

Termites

from the food source may be facilitating other termites to
find or accept this food source.

The objective of this

study was to determine the facilitation of food finding by
Formosan subterranean termite conspecifics and the possible
nature of the facilitation.
Materials and Methods
Source

of

Termites.

Termites were collected from

infested live oak and maple trees in New Orleans, Louisiana
(colony N 3, N4, N5, and N6).

Collected termites were kept

in plastic containers

(50 cm diam. by 100 cm high) with

moistened

cardboard

corrugated

and

pine

wood

at

room

temperature (26-28°C).
Intracolonial
Formosan

tarmitas.

food

finding

facilitation

of

Formosan subterranean termites forage

both below ground and above ground.

They make tunnels when

foraging below ground and shelter tubes when foraging above
ground.

Two experiments

designed to address these two

different foraging situations were conducted.

Experiments

were designed to test if termites placed at a food source
can facilitate nestmates to locate this food.
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1.

Underground foraging experiment.

Three colonies

from New Orleans, Louisiana (N3, N4, and N5) were used.

The

apparatus is illustrated in Figure 3.1.

A plastic box (31.2

cm

cm

long,

Plastics,

22.86

cm wide,

and

10.48

high,

Tristate

Inc., Dixon, KY) with a thin layer (0.30 cm) of

moistened blasting sand on the bottom (#4 fine. Easy Crete,
Inc., Greenwell Springs, LA) was used as the termite arena.
A plastic plate sat on top of the surface of the layer of
sand.

One dish

(5.2

cm diam., 3.3

cm

high,

Tristate

Plastics, Inc., Dixon, KY) was placed on the center of the
plastic plate (center container), and another dish (35 mm
diameter, 10 mm high, Falcon®, Becton Dickinson and Company,
Lincoln Park, NJ) on the upper-left corner of the plastic
plate (corner container), 1 cm from the corner wall of the
plastic box.
moistened sand.

Both containers were filled

For each colony, a total of 10 apparatuses

were set-up in two different arrangements, each
repetitions.

In arrangement

soldiers

one

container.

from

halfway with

colony

1,

were

having five

50 workers
placed

in

and

each

four

center

Fifteen workers and one soldier from the same

colony were placed in each corner container.

Before the

experiment began, termites placed in the corner container
were dyed by having them feed on a mixture of cellulose and
0.1% Neutral Red for one week.

In arrangement 2, 65 workers

r m
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Figure 3.1. Apparatus used to evaluate the effect of termites on the food finding
of other termites when foraging underground.
Ln

O
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and four soldiers were placed in the center container of
each apparatus but no termites were placed in the corner
container.

Filter paper (1.5 x 1.5 cm, Whatman #1) served

as the only food source in each apparatus and was placed in
the

corner

container.

The

set-ups were

kept

at

room

temperature (26-28aC).
Each apparatus was gently elevated to a height of 1 m
and placed on parallel 6 cm wide wood bars.

This enabled

observations of tunnel-making under the sand layer without
disturbing the termites.

The time required for termites

from the center container to move into the corner container
was recorded,
measured.

when this occurred, the tunnel volume was

Tunnel volume was determined by measuring the

internal diameter of the tunnel at every 2 cm for each
branch of the entire tunnel system.

Measuring tunnel length

was done by lining a fine thread along the tunnel from the
outside of the container and then straightening the thread
to record its length.

Assuming the tunnel is tubular, the

volume waB estimated by using the equation! VFT - (0/2)2 n %
L (VFT * volume of foraging tunnel, D * diameter of tunnel,
L ■ length of the tunnel).

At day seven, tunnel volume also

was measured in those apparatuses in which termites could
not find the corner container (at that time, termites became
less active because of starvation).

A wilcoxon rank sign

teBt (SAS Institute, 1988) was used to analyze these data.
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2. Above ground foraging experiment.
N3 was used for this experiment.

Only

colony

Three plastic containers

were connected in tandem; the food container (6 cm diam.,
1.25 cm high), shelter tube container (20.5 cm diam., B cm
high), and home container
(Figure 3.2).
filled

(8.41 cm diam.,

3.33 cm high)

The home container and food container were

halfway

with

sand

(#4

fine,

Easy

Crete,

Inc.,

Greenwell Springs, LA).
There were two arrangements, each with 5 apparatuses,
in arrangement 1,

five hundred termites (by weight, about

8% soldiers) were placed in each home container and a piece
of corrugated cardboard (3 cm X 3 cm) was placed in each food
container.

After termites built tubes connecting the home

container to the
container)

food container,

a small container

(P-

(5.0 cm diam., 3.7 cm high) was placed in the

shelter-tube container.

In order to track the material that

each termite colony used to make shelter tubes,

the P-

container was filled halfway with dyed sand (0.11 DAYGLO*
water dispersion blaze orange dye, Nalco Chemical Company,
Cleveland, Ohio).
the

shelter

tube

Seventy-two hours prior to being put in
container,

one

piece

of

corrugated

cardboard (1.5 cm x 1.5 cm) and 50 workers and five soldiers
were also placed in the P-container.

A small exit on the

\

home container

shelter-tube container

food container

Figure 3. 2. Apparatus used to evaluate the effect of termites on Lhe f r xxl
finding of other termites when foraging above ground.

ui
Cy»

54

bottom edge of the P-container (0.4 mm diameter) was blocked
by a piece of plastic before placement into the shelter tube
container.

The P-container was placed at the center of the

container when the
shelter

shelter tube was

tube container.

possible

along

It was placed as

the wall

of

far away as

from the shelter tube if the shelter tube was

across the center of the container.
In

arrangement

P-container.

2,

no

termites

were

placed

in

the

Again five hundred termites {by weight, about

8% soldier) plus the 50 workers and five soldiers normally
put in the P-container were placed in the home container.
Just before the P-container was placed in the shelter
tube container,
removed.

The

the block on the exit
time

for

termites

to

P-container
build

new

was

tubes

connecting the P-container to the old shelter tube was
recorded.

The tube volume was estimated by measuring the

tube and calculating the average diameter as previously
described.

Assuming the shelter tube was a half tubular

structure,

the volume of the shelter tube was determined by

using the equation: TV * [(D/2) 2 n x L]/2 (TV » tube volume,
D ■ diameter of tube,

L ■ length of the tube).

After

termites completed the new tube from the P-container to the
tube made by termites from the home container, the new tube
was collected and weighed.
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Based on the time required for termites to build new
shelter tubes connecting the P-container to the old shelter
tube, length rate (length of new tube/time required to build
the new tube, cm/hr), volume rate (volume of new tube/time
required to build new tube, cmVhr), and weight rate (weight
of tube/time required to build the new tube,

g/hr) were

calculated and are compared to determine differences between
arrangement 1 and arrangement 2 using t-tests (SYSTAT 5.2.1,
Inc. 1992, Evanston, IL).
Effect
food

of

finding.

possible
The

deposited

apparatus

chemical

used was

cues

similar

to

on
the

underground foraging experiment described above, except that
there was
Orleans

no corner dish

colonies

experiment.
colonies.

(N3,

in any apparatus.

N4,

and

N5)

were

Three New

used

in

this

There were two arrangements for each of the
Arrangement 1 consisted of six apparatuses, one

preconditioned food (piece of corrugated cardboard, 2 cm x 2
cm, see following description) was placed under the sand on
the

upper-left

plastic box.

corner,

1.5 cm from either wall of

the

Food was preconditioned by letting 20 workers

and two soldiers from the same colony feed on it for two
days before the experiment.

Termites were removed

before the experiment started.

In arrangement 2, which also

consisted

of

six

apparatuses,

unconditioned

(no

just

prior
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termite feeding) corrugated cardboard was used.

Sixty five

workers and four soldiers were placed in the center dish of
each apparatus.

The set-ups were kept at room temperature

(26-28’C ) .
The time required for termites in the center dish to
find food in the upper-left corner was recorded.
termites

found the food,

After

tunnel volume was measured.

A

Wilcoxon rank sign test (SAS Institute, 1988) was used to
analyze these data.
Intercolonial
Formosan

food

subterranean

finding

facilitation

termites.

of

Experiments were

designed to test whether termites from different colonies
placed at the food source can facilitate location of the
food.

Again, two experiments were designed to address two

different foraging situations.
1.

Underground foraging experiment.

Four colonies

from New Orleans, Louisiana (N3, N4, N5, and N6) were used.
The apparatus was the same as that described above for the
intracolonial underground foraging experiment (see Figure
3.1).

A

total of

20 apparatuses were

different arrangements.
repetitions.

set-up

in

four

Thus, each arrangement had five

In arrangement 1, 2, and 3, 50 workers and

four soldiers from colony N3 were placed in each center
container.

Fifteen workers and one soldier from N4, N5, and
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N6 were placed in each corner container of arrangement 1, 2,
and 3, respectively.

Before the experiment, termites placed

in the corner container

were dyed by having them feed on

mixture of cellulose and

0.1% Neutral Red for one week.

arrangement 4,

In

65 workers and four soldiers were placed in

the center container of each apparatus and no termites were
placed in the corner container.

Filter paper (1.5 x 1.5 cm,

Whatman #1) served as the only food source and was placed in
the corner container of

each apparatus.

The set-ups were

kept at room temperature (26-28*C).
The

time

required

for

termites

from

the

center

container to move into the corner container was recorded.
Tunnel volume was measured and data analyzed as described
for the intracolonial food finding facilitation experiment.
2.

Above ground foraging experiment.

Two colonies

from New Orleans, Louisiana (N3 and N4), were used for this
test.

The apparatus used was the same as that used in the

above ground foraging experiment
finding facilitation

for intracolonial

(see Figure 3.2).

food

The experimental

design, data collection, and statistical analysis were the
same

as

that

used

for

the

intracolonial

food

finding

facilitation study except that 50 workers and five soldiers
from colony N4, instead of nestmate termites, were placed in
the p-container.
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Results
Intracolonial
Formosan

food

subtarranaan

foraging experiment.

finding

facilitation

tarmitas.

of

1, Underground

When termites were physically on the

food they facilitated the food finding of conspecifics.

The

results are summarized in Tables 3.1 and Figures 3.3, 3.4,
and 3.5..

In arrangement 1, for all three colonies (N4, N5,

and N6), termites in the center dish found the food within
35 hours.

In arrangement 2, termites found food in only two

of 5 replicates

for colony N3

(44.67 and

77.17

hours).

Termites in the remaining replicates of arrangement 2 were
not able to find the food within one week and became less
active and stopped tunneling on the seventh day.
cases, face-to-face tunneling behavior was observed.

In six
That

is, the end of the tunnel made by termites from the center
container was connected to the end of the tunnel from the
corner container (Figure 3.4, replications 2, 3, and 5 and
Figure

3.5,

arrangement

replications
1 found

2,

3,

and

5).

Termites

in

food more frequently than those

in

arrangement 2 (Wilcoxon sign test P values were 0.0315 for
each colony comparison).
2.

Above ground foraging experiment.

In arrangement

1, in all cases, termites made a new tube which connected
the P-container to the old shelter tube (Figure 3.6).

After
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Table 3.1.
volume (VFT)
food in the
same colony,

Time required and resulting foraging tunnel
for termites in the center container to find
corner container in which termites from the
or none at all, were placed.

termite in corner
container
(arrangement 1)
colony

rep. ft
time (hr)

N3

VFT (cm3)

time (hr)

VFT*{cm3)

1

21.5

2.4

— **

NA

2

22.5

2.1

44 .7

5.4

3

23.2

2.5

*

NA

4

30.0

9.4

_**

NA

5

24.2

6.8

77.2

11 .2

24.3 ± 1.5

4.6 i

NA

NA

1

20.7

8.8

2

27.0

4.7

—

*

NA

3

34.2

6.4

— **

NA

4

20.5

8.1

—

**

NA

5

12.2

7,5

-**

NA

22.9 t 3.7

7.1 ± 0.7

NA

NA

meaniSE

N4

no termites in
corner container
(arrangement 2)

meaniSE

1.5

NA
*

(Table 3.1 con'd)
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termite in corner
container
(arrangement 1)
colony

rep.*
time (hr)

N5

no termites in
corner container
(arrangement 2)

VFT(cm3)

time (hr)

VFT*(cm^)

1

26.8

4.1

_*■*

NA

2

27.5

5.1

— **

NA

3

30.0

6.0

4

22.3

5.5

— **

NA

5

32.5

7.2

— **

NA

27.8 ± 1.7

5.6 ± 0.5

mean±SE

NA

NA

NA

•replication.
♦the volume of foraging tunnel at the end of experiment
(after 164 hr).
**termites failed to find food in the corner container. P
value of Wilcoxon sign test on the time is 0.0112 for
colony N3, 0.0075 for N4 and N5.
NA: not applicable, since food was not found VFT was not
recorded.

replication

arrangement 1

t

-

-

arrangement 2

tunnel made by termites from the corner container (A).
tunnel made by termites from the center container (H).

Figure 3.3.
The tunnel s y s t e m made by termites (colony N3)
co nta ine r A w h e n termites f ro m the same colo ny (arrangement
(arrangement 2) were in container A.

lo got to food in
1) or no te rmi t e s

o\

replication
1

2

3

4

5

arrangement 1

arrangement 2

tunnel made by termites from the corner container (A),
tunnel made by termites from the center container (B).
F i g u r e 3.4.
The tunnel s y s t e m made by termites (colony N 4 ) t.o got to rood in
c o n t a i n e r A when termites f ro m the same c olony (arrangement 1) or no ter mites
(arrangement 2) were in container A.

replication
1

2

3

4

5

arrangement 1

arrangement 2

-- tunnel m a d e b y termites from the co r n e r con t a i n e r
—
tunnel m a d e b y termites from the cen t e r con t a i n e r

(A).
(H).

Figure 3.5.
The tunnel s y ste m made by termites (colony N5)
c o n t a i n e r A w h e n termites from the same c o l o n y (arrangement
(arrangement 2} were in container A.

to
1)

get to food in
or no termites

Lj
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Figure 3.6.
Shelter tube system built by termites
when termites from the same colony were placed in
the P-container (5 replications, the photograph is
replication 5).
new shelter tube from the exit of P-container.
new shelter tube from the hole on the old shelter tube.
old shelter tube.
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the P-container was placed in the shelter tube container,
termites came out of the P-container.

Soldiers and workers

were observed walking around and climbing on the top of the
old shelter tubes.

Both soldiers

(in three cases)

and

workers (in two cases) made one or more holes into the old
shelter tube by pushing their mandibles (soldiers) or heads
(workers) against the old shelter tube.

After making a hole

in the shelter tube, either the soldier or worker went into
the shelter tube.

In addition, soldiers in the old shelter

tube were usually first to exit the hole.

Termites made the

new shelter tube from both endsi the P-container and the old
shelter tube.

Although termites from the P-container and

old shelter tube participated in tube making from both ends,
the

sand used

in making

the

shelter

container was mostly orange dyed sand.

tube

from the

Sand used to make

the shelter tube from hole end was mostly brown,
sand.

P-

undyed

There was some sand mixing and often there was a

small pink band of new shelter tube where the two ends were
joined.

In arrangement 2, there was no case in which a new

shelter tube was made to connect the p-container to the old
tube

system.

system.

Termites never came out of the old

tube

The length rate, volume rate, and weight rate of

new tube-making for each arrangement are summarized in Table
3.2.

There were significant differences between the two

Table 3.2. The speed for termites to make new shelter tubes to connect to the old
shelter tubes. Termites from the same colony (N3) were present in the p-container,
or none at all.
N3 termites in P-container
replication

no term it.os in P-conta inor

length rate volume rate weight rate length rate volume rate weight rate
(cm/hr)
(ciiP/hr)
(g/hr)
(cm/hr)
(cmVhr)
(g/hr)

1

2.4

0.2

0.3

0

0

0

2

0.9

0.1

0.1

0

0

0

3

1.1

0.1

0.2

0

0

0

4

1.0

0.1

0.2

0

0

0

5

0.5

0.1

0.1

0

0

0

mean i SE

1.2 1 0.3

0.1 ± 0 .02

0.18 1 0.04

0 1 0

0 1 0

0 10

In the t-test, the length rate, the volume rate, and the weight rate of the
group with N3 termites in the P-container were significantly different from the
group without termites in P-container. P = 0.007 for length rate. P » 0.002 for
volume rate, P = 0.001 for weight rate.

<h

67

arrangements in length rate (P * 0.003), volume rate (P <
0.001), and weight rate (P * 0.009).

When termites from the

same colony were placed at the food source, it facilitated
termites in the old shelter tube system to make new shelter
tubes leading to the new food source.
Effect
food

of

possible

finding.

arrangement

For

deposited

colony

N4,

chemical

all

termites

cues
in

on
both

1 and 2 found their food, and there were no

differences in the time required to find it (DF = 1, F =
0.545, P * 0.48) or the total volume of the tunnels (DF * 1,
F * 2.18, P » 0.17)

(Table 3.3).

However for colony N3,

termites in only two set-ups found their food.

Likewise,

for colony N5, only two controls found their food.
was no consistency to whether set-ups

There

in which termites

found the food were preconditioned or not between colony N3
and N5 (Table 3.3).

The Wilcoxon sign test P value was 0.18

for colony N3 and 0.58 for colony N5, thus the chance for
termites in arrangement 1 to find food was not significantly
different from termites in arrangement 2.

These results do

not provide any evidence that possible chemical cues on the
food deposited by termites facilitate food finding.

From my

earlier experiments it can be stated that termites must be
present on food source for facilitation to occur.
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Table 3.3.
Time required and resulting foraging tunnel
volume (VFT) for termites in the center container to find
preconditioned food (arrangement 1) or unconditioned food
(arrangement 2).
treatment
colony

rep*

time (hr)

1

—*

2

VFT (cm3)

time (hr)

_*

_*

_*

_*

VFT (cm3)
—*

3

52.2

2.2

_*

4

6.3

0.9

_*

—*

5

_*

—*

_*

—*

6

_*

—*

_*

meaniSE

NA

NA

NA

NA

N3

N4

control

1

122.4

7.7

45.2

7.7

2

23.8

4.6

45.7

5.7

3

24.7

3.9

69.8

6.7

4

70.2

8.1

70.9

8.0

5

77.6

7.3

76.2

6.5

6

23.2

3.8

123.7

9.5

57 .0 i 16.5

5.8 i 0.6

71.9 ± 11.7

meaniSE

7 .4 i 0.4

(Table 3.4 con'd)
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treatment
colony

N5

rep*

time (hr)

1

_

*

control

VFT(cmJ)

_ *

2

__

*

3

_

*

4

73.4

5

—

*

6

,,•

meaniSE

NA

6.2

time (hr)

100.3
__

VFT (cm*)

7.4

★

28.6

4.5

—

—*

NA

NA

_ ★

__

*

NA

•replication.
♦termites failed to find food.
NAt not applicable/ since food was not found in most, or
all replications and VFT was not recorded in such cases.
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Intercolonial
Formosan

food

aubtarranaan

foraging experiment.

finding

facilitation

termites.

1.

of

underground

In arrangements 1, 2, and 3,

termites

in the center container found food in the corner container
within

53.3

hours.

facilitation was
termites

in

absent,

arrangement
there were

4,
no

where
cases

in the center container found the

social

in which

food in the

corner container, even after one week {Table 3.4 and Figure
3.7).

The

Wilcoxon

sign test p value

for arrangement

1,2,and 3 with social facilitation vs. the arrangement 4 was
0.0315

and

indicates

that

the

time

for

termites

in

arrangement 1, 2, and 3 to find food was significantly less
than for termites in arrangement 4.

Termites from different

colonies facilitated termites in the center container to
find food in the corner container.

The time required for

termites in the center container to find food in the corner
container was not significantly different among colonies N4,
N5, and N6 (DF - 2, F * 2.89, P ■ 0.094), nor was the tunnel
volume significantly different among them {DF * 2, F ■ 1.95,
P = 0.18).
2. Above ground foraging experiment.
1, in all cases,

In arrangement

termites made a new shelter tube which

connected the P-container to the old shelter tube {Figure
3.8).

In two of five cases, it was the soldier that first

Ta b l e 3.4.
Time re qu ire d and resulting volume of foraging tunnel(VFT) for
termites in the center container (N3) to move into the corner container in which
termites from different but amicable colonies (N4, N5, and N6), or none at all,
were placed.

N4

N5

H6

no termites

replication
time
(hour)

VFT
(cm3)

time
(hour)

VFT
(cm3)

time
(hour)

VFT
(cm3)

1

42.8

4.5

48.4

5.1

26.3

2.8

—*

10.2**

2

41-4

4.7

53.0

5.4

31.2

3.5

—*

11.8**

3

80.3

11.3

34.7

3.4

30.8

4.2

_ *

11.9**

4

28.2

3.2

24.1

2.3

32.4

3.7

—

*

10.8**

5

53.3

5.6

46.5

4.6

24.9

2.9

—1
*

12.1**

49.2
(8.7)

5.9
(1.4)

41.3
(5.3)

4.2
(0.6)

29.1
(1.5)

3.4
(0.3)

mean
(SE)

*termites failed to find the food in the corner container,
♦♦volume of foraging tunnel after one week.

time
(hour)

VFT
(cm3)

11.4
(0.4)
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colony in
container A

rac-icaticr.
_*
x)_

N4

N5

N6

no termites

-

A * corner container. B ■ center container.
- - - - tunnel made by termites from container A.
tunnel made by termites from container B.

Figure 3.7. The tunnel system made by termites to get
to food in container A. Termites from N3 were placed in
container B and N4, N5, N6, or no termites, were placed
in container A.

r*plcatton 1

rvpUcoNoo 2

73

mpNcaltonS

Figure 3.8.
Shelter tube system built by termites when
termites from a different colony were placed in the Pcontainer (5 replications, the photograph is replication
5).
v n w shelter tube from the exit of P-container.
eatne* shelter tube from the old shelter tube,
zzxold shelter tube.
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made a hole in the tube by pushing its mandibles against the
old shelter tube,

in the other three cases observed it was

the worker that first made a hole by pushing its head into
the old shelter tube.
Termites

made

face-to-face

shelter tubes

from both

ends* from the exit of the P-container and the hole in the
old shelter tube (Figure 3.9).

In arrangement 2, there was

no case in which a new tube was made to connect the Pcontainer to the old shelter tube system;
came out of the old tube system.

termites never

There were significant

differences between the two arrangements in length rate (P *
0.003), volume rate (P < 0.001), and weight rate (P ■ 0.009)
(Table 3.5).

This indicated that even when termites are

from a different colony they can facilitate termites in the
old shelter tube system to explore a new food source.
Discussion
The

face-to-face

tunneling

behavior

underground tunneling experiment indicates
did not select a tunnel direction at random.

in

the

that termites
It suggests

that communication was involved between termites in the food
source and the center container.

in this

experimental

condition, two possible communication tools that could have
been used include acoustic signals and volatile compounds.
Possible chemicals deposited on the food did not appear to
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Wmm
rr

lu b a c o n la i rm

0 hr

2 hr

3 hr

5 hr

m

7.33 hr

Figure 3.9. Tersites sake new shelter tube in the shelter
tube container frc* both ends. Shown here is replication
5.

Table 3.5.
The speed in which termites connected the new shelter tube to the old
shelter tube when non-nestmate termites were present or absent in the P-container.

N4 termites in P-container
replication. length rate volume rate weight rate
(cm/hr)
(cmVhr)
(g/hr)

no termites in P-container
length rate
(cm/hr)

volume rate
(cmVhr)

weight rate
(g/hr)

1

1.1

0.1

0.2

0

0

0

2

0.9

0.1

0.1

0

0

0

3

0.8

0.1

0.3

0

0

0

4

0.7

0.1

0.1

0

0

0

5

2.1

0.2

0.5

0

0

0

mean ± SE

1.1 ± 0.3

0.1 1 0.02

0.2 i 0. 07

0 1 0

0 10

0 10

In the t-test, the length rate, the volume rate, and the weight rate of the
group with N3 termites in the P-container were significantly different from the group
without termites in P-container.
P = 0.003 for length rate.
P < 0.001 for volume
rate, P = 0.009 for weight rate.
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be

important here.

Certainly, more experiments are needed

in

order to separate the important variables in social

facilitation.
In the
step.

The acceptance of the

stimuli.
and

feeding process,

finding

food

is the

first

food can involve different

The nature of the food, including both physical

chemical

elements,

accepted or not.
feeding

determine

whether

the

food

is

Although the chemicals deposited at the

site may not be important

in the

food

finding

facilitation, it may be important in food acceptance.
Termites

in

the

food

source

can

facilitate

the

food finding of nestmates or even non-nestmates if from an
amicable colony.

This is the first direct evidence of

intercolonial social facilitation of Formosan subterranean
termites.

It appears that termites facilitate the food

finding of other termites in the following two ways: 1, they
initiate

and participate

in making shelter

tubes

which

connect to new food sources when foraging above ground, and
2, they make tunnels

from the food source when foraging

underground, and thus increase the possibility for other
termites to follow those tunnels.
Fusion

of

two

colonies

of

Formosan

subterranean

termites in the field has been reported <Su and Scheffrahn
1988).

Thus termites from different colonies may mutually
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facilitate the finding and exploiting of a food source.

A

question that arises here is, to what degree do two colonies
integrate when they encounter each other in the field?

Do

they share nests and eventually become a supercolony?

If

they

do,

ecology,

many
and

reconsidered.

aspects
even

of

termite

current

control

biology,

population

strategies

must

be

CHAPTER 4
A

NEW

TERMITE BAIT DESIGN - C O M P A R T M E N T A L I Z E D
PRECONDITIONING BAIT SYSTEM (CP B 8 )

Introduction
Although the termite bait concept was

initiated

27

years ago (Esenther and Gray 1968), inconsistency of bait
acceptance is still a problem today.

Understanding termite

foraging and feeding is critical to improving the design of
a delivery system for bait.

The key point in any bait

strategy is to attract termites and then expose them to a
slow-acting toxicant either by dusting, or by providing a
slow-acting toxicant in the bait matrix.

If we wish to

attract termites, we need to improve bait acceptance.
Formosan subterranean termites, Coptotermes formosanus
Shiraki, forage above ground as well as below ground.
make

shelter

tubes

above

ground

in

order

to

They

protect

themselves from predation and desiccation.

Below ground

they excavate and maintain foraging tunnels.

Both shelter

tubes and underground tunnels can be long-lasting travel
routes to foraging sites.

Based on this, there have been

two strategies to termite bait placement! First, underground
baiting;

this

includes

conduits

(French 1991,

pipe-bait

containers,

bait-box

1994), and the SentriconTM colony

elimination system (Anonymous 1995), and second,

surface

baitingi termite baits are placed in or on the shelter tubes
79
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or galleries

(French

1991,

1992).

Surface baiting

are

designed to attract the colony by affecting the termites
moving through shelter tubes.

No matter how the bait is

designed, one of the most important things is to attract
termites to the bait in as short a time as possible.
In bait technology, an important factor is to locate
the foraging termites (French 1991).
termites

are most active will

termites to encounter the bait.

Placing baits where

increase the chances

for

Like underground tunnels,

shelter tubes provide termites with protection and an unique
facility for transportation.

A fresh shelter tube is a

tell-tale sign of termite activity (Delaplane 1991b).

In

many cases, shelter tubes are the only thing conspicuous to
homeowners and pest control operators signaling the presence
of termites.
Considering

the

function

of the

shelter

tube

and

ease in locating it, a bait delivery system for placement in
or on the shelter tubes could improve control.

However, in

practice, termite feeding on above ground baits have met
with limited success.

Termites often bypass the bait even

when it is placed in the shelter tube (French 1991).

This

may be due to the disturbance that occurs when breaking the
shelter tube for baiting.

Subterranean termites are known

to retreat from siteB being disturbed (King 1968).
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In chapter 3 it was shown that termites seldom move
laterally out from a shelter tube system after the tube is
completed

(Chapter

3).

Creating a passageway

into the

shelter tube appears necessary for drawing termites from the
shelter tubes to the bait.

A delivery system that minimizes

or eliminates disturbance of termites might increase the
likelihood that termites will attack a bait,

in Chapter 3,

it was also showed that termites from the same colony or an
amicable colony placed in a food source will facilitate the
food finding of other termites.

Based on these research

results, a new termite bait system was developed, namely, a
compartmentalized
Presented here

preconditioned

bait

system

(CPBS).

is a demonstration of the potential

and

practicality of the CPBS.
Materials and Methods
Design
system

of

(CPBS).

the

compartmentalised

preconditioning

The bait container is divided into two

compartments, a non-toxic preconditioning compartment

(P-

compartment, 5.08 cm diam., 3.6 cm high, Tristate Plastics,
Inc., Dixon, KY), and a toxicant compartment (T-compartment,
5.06 cm diam., 3.6 cm high) (Figure 4.1 and 4.2).
a small

hole

(0.3 cm diam.)

in the

bottom

of

There is
the

P-

compartment and one (0.5 cm diam.) between the P-compartment
and

the

T-compartment

to

allow

termite

movement

from

/
>iti|»<iitnitMil.

hi o c k

I/m u i
1 *!«>in| »;t t 1 mi >mI
' -

ux i t.

\

Figure 4.1.

Illustration of compartmentalized preconditioning bait system.
00
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P-compartment]

T-compartment

block

Figure 4. 2. Discounted structure of compartmentalized
preconditioning belt systea.
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compartment

to compartment.

passageways

are

blocked

by

Initially,
a small

however,

roll

these

of corrugated

cardboard in order to confine termites prior to placement of
the bait system.
Termites are placed in the p-compartment and allowed to
feed on cardboard for two days or more.

These termites will

then be used to participate in making shelter tubes to the
targeted colony and facilitate termites from the targeted
colony to eat the bait.

Termites from the targeted colony

will get into the P-compartment, eat through the block, and
finally get into the T-compartment and feed on the toxic
matrix material.
Demonstration

test

of

CPBS

without

toxicant. The

following experiments were conducted to see whether termites
in the P-compartment facilitate the targeted colony to find
the bait more quickly.

Two Formosan subterranean termite

colonies were used in this experiment, both newly collected
from New Orleans, Louisiana (colony N3 and N4).
colony

N3

100,000
plastic

was visually estimated

individuals.
trash

This

container

to contain

colony was
with

carton

corrugated cardboard and pine wood.

The size of

kept

more
in a

nest

than
large

material,

Once the colony made

tubes on the outer wall of the container (Figure 4.3), the
CPBS

was

tested.

Colony

N3 was

used as

colonyin the following three experiments.

the

targeted

Figure 4. 3. Arena for testing the compartmentalized
preconditioning bait.
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Experiment

1; no termites in P-compartments.

CPBS baits were used in this experiment.

Three

Four-fifths of

each P-compartment was filled with moistened and dyed sand
{0.1% DAYGLO* water
Chemical

Co.,

dispersion blaze orange

Cleveland,

Ohio).

The

dye

dye,

was

Nalco

used

to

determine the colony origin of any shelter tube builder.

A

piece of moistened corrugated cardboard (2 cm x 2 cm ) was
placed on

the bottom of the P-compartment.

A roll

of

moistened corrugated cardboard (5.08 cm diam. 3.6 cm long)
was placed in the T-compartment.
between

the

P-compartment

targeted colony.

Tygon tubing was placed

and the

shelter

tube

of

the

Care was taken not to damage the existing

shelter tube of the targeted colony.

The objective was to

determine if termites would make shelter tubes in the tygon
tube to the bait.

The time required for termites to build

connecting shelter tubes from P-compartments to shelter tube
of targeted colony was recorded.

Experiment was stopped

after seven days.
Experiment

2;

termites

present in P-compartment.

from

the

targeted

colony

Four CPBS baits were used.

Baits

were set-up close to the targeted colony's shelter tube as
described

above.

One

hundred

workers

and

10

soldier

termites from colony N3 were placed in each of three Pcorapartments.

One CPBS bait did not have termites and

served as a control.

The time required for termites to

07

build

connecting

shelter

tubes

from

P-compartments

shelter tube of targeted colony was recorded.

to

Experiment

was stopped after seven days.
Experiment 3; non-nestmates present in P-compartment.
Four CPBS baits were set-up as described in experiment 1 and
2.

Again, three CPBS baits had termites and one did not

(control).

One hundred workers and 10 soldier termites from

colony N4 were placed in each of the three CPBS baits.

The

time required for termites to build connecting shelter tubes
to the P-compartments was recorded as above.
For experiment 1, 2 and 3 a wilcoxon rank sign test
(SAS institute 1988) was used to evaluate the significance
of

time difference for targeted termites to locate CPBS

with and without termites in the P-compartment

(because

there

in

were

not

enough

control

replications

each

experiment, pooled data from experiments 1, 2, and 3 was
used to analysis difference between termite containing CPBS
versus no termite containing CPBS in time for the targeted
colony to locate the bait).

A t-test was used to determine

if time for the targeted colony to locate the bait differed
depending on colony source of termites in P-compartments
(nestmate or non-nestmates).
Demonstration
the T-coapartaent.

Teat

of

CPBS

with

sulfluraaid

in

In this experiment, the objective was

to determine if termites (N3) in the P-compartment would
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facilitate the targeted colony (N3) to attack a sulfluramid
(Griffin Corporation, Valdosta, GA) bait and to get an idea
of what concentration of toxicant might be best for use in
the field.

Four CPBS baits, numbered Bl, B2, B3, and B4,

were used.

In the T-compartment of Bl, B2, B3, and B4 were

placed rolls of corrugated cardboard containing 0.0, 10.0,
50.0, and 100.0 ppm sulfluramid, respectively.
used

as

the solvent

cardboard.

in preparing

the

Acetone was

toxic

After the acetone evaporated,

corrugated

the cardboard

(5.08 cm diam., 3.5 cm long) was moistened with distilled
water and placed into the T-compartment.

Four-fifths of

each P-compartment was filled with moistened DAYGLO dyed
sand.
(2

A piece of non-toxic moistened corrugated cardboard

cm

x 2 cm)

compartment.

was

placed

on

the

bottom

of

each

P-

One hundred workers and 10 soldiers from N3

were placed in each P-compartment.

The T-compartments were

dismounted and cardboard were changed on the 8th and the
23th

day,

when

most

cardboard

had

been

eaten.

The

consumption of the toxic cardboard was recorded for each
bait until the targeted colony died-out.
Results
Demonstrated
Experiment 1.

Test

of

CPBS

without

toxicant.

In no case, did termites build a shelter tube

which connected the bait to the original shelter tubes.
Termites did not find the bait.
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Experiment

2.

In

the

CPBS

containing

nestmate

termites, termites built the connecting shelter tube within
9.6 t 1.08 hours (Figure 4.4. and Table 4.1).
cases,

the connecting shelter tubes were

In all 3

joined to the

shelter tube of the targeted shelter tube just in front of
the Tygon tube (Figure 4.5).
connecting

Most material used to make the

shelter tube was

compartment.
connecting

the dyed

sand

from the P-

In the control CPBS (without termites),
shelter

tube

was

built

after

one

week

no
of

observation.
Experiment 3 .

In the CPBS containing

non-nestmate

termites, termites built the connecting shelter tube within
15.6 1 3.68 hours (Figure 4.6. and Table 4.2).

In all 3

cases, the connecting shelter tube was joined to the shelter
tube of the targeted colony just in front of the Tygon tube.
Most material used to make the connecting shelter tube was
the dyed sand from the P-compartment.
(without termites),

in the control CPBS

no connecting shelter tube was built

after one week of observation.
There

was

a

significant

difference

in

the

time

required for termites to find the baits when termites were
in the P-compartment compared to bait without termites (P 0.0318.
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T-compartmont

P-compartm«nt

•he)ter tub# of targeted colony

Figure 4. 4.
Termites placed in the P-coapartment
(colony N3) initiate and participate in making new shelter
tube which connects the bait to the shelter tube system of
the targeted colony (N3). Shelter tube inside the tygon
tube originated from termites in p-compartmant.
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Table 4.1. Time (hr) required for termites of the targeted
colony to find food in the bait in which termites from the
targeted colony (N3), or none termites were placed in the
P-compartment.
replication

termites in the
P-compartment

no termites in the
P-compartment

1

8.5

_*

2

10.7

NA

3

9.7

NA

mean t SE

9.64 t 0.63

NA

♦termites did not find the food in the bait within one
week.
NA: not applicable.
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shatter tuba of targated colony

Figura 4. 5.
Tha connecting shelter tuba join to the
shelter tube of the targeted colony in the front of
tygon tube.
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shelter tub* of targ*t*d colony

T-compartm*nt

p-compartment

Figur* 4. 6.
Teraites placed in th* P-coapartaent
(colony N4) initiat* and participate in aaking new
shelter tube which connects the bait to the shelter
tube systea of the targeted colony (N3). Shelter tube
inside the tygon tube originated froa teraites in Pcoapartaent.
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Table 4. 2.
Time (hr) required for termites of the
targeted colony to find food in the bait in which termites
from a amicable colony (N4), or none termites were placed
in the P-compartment.
replication

termites in the
P-compartment

no termites in the
P-compartment

1

11.9

_+

2

18.4

NA

3

19.3

NA

16.5 t 2.33

NA

mean i SE

•termites did not find the food in the bait within one
week.
NAi not applicable.
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There

also

required

was

a

significant

for termites

to

find

difference
the

baits

in

the

when

time

nestmate

termites were in P-compartment (9.64 ± 0.63 hr, mean 1 SE)
compared to baits with non-nestmate termites
compartment
Hestmates

(16.54

± 2.32

hr,

mean

t SE)

shortened the time required

in the p-

(P - 0.046).

for the targeted

colony to locate the food.
Demonstration
the

Test

T-compartment.

of

CPBB

with

Termites

containing sulfluramid.

sulfluramid

attacked

There was

all

a tendency

in

CPBS

for bait

consumption to increase with decreasing concentration of
sulfluramid.

However,

the accumulative consumption

sulfluramid increased with increasing concentration.
23

days,

cardboard

was

no

longer

consumed,

of

After

and

upon

inspection of the colony, it was clear that mortality had
begun.

The termites had sluggish movements and flattened

abdomens.

The total consumption of cardboard for each bait

is shown in Figure 4.7.
shown

in

Figure

4.8.

The consumption of sulfluramid is
There

were

no

remaining in the colony after 32 days,

living

termites

whole colony was

killed after 1.379 mg of sulfluramid was consumed.
Discussion
Researchers have previously incorporated live termites
in termite bait technology.
termites"

technique

Examples include the "trojan

reported

by

French

(1991)

and

the
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accumulative consumption of cardboard

10

(g)

-

0

8

16

24

32

time (day)
0 ppm
10 ppm
50 ppm
100 ppm

Figure 4.7.
The accumulative consumption of sulfluramid
treated cardboard in compartmentalized preconditioning
bait system*
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uptake of sulfluramid (mg)

m
if!
0.0
0

10

50

100

concentration cf sulfluramid (ppm)

Figure 4, 8.
The consumption of sulfluramid
compartmentalized preconditioning bait system.

in
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"self-recruitment" procedure reported by Su (1994).
"trojan

termites"

technique,

non-nestmate

In the

termites

dusted with a toxicant and placed back into the bait.

are

These

"trojan" termites spread the toxicant onto termites of the
targeted colony through antagonistic interactions.
"self-recruitment* procedure,

In the

placing collected termites

back into the same underground bait station increased the
bait consumption.
The
termites

results in

these

experiments show

that

using

in the bait prior to placement near the targeted

colony can facilitate bait finding.

Furthermore, the block

between two compartments helps targeted termites to avoid
contacting "toxic termites"
tube

is

built.

before a connecting shelter

Compartmentalization also reduces

the

disturbance to the potential foragers.
Both the "trojan termites" techniques and the "selfrecruitment" procedures are based on baits being actively
consumed
termites.

by the

colony before

adding

any "attractive"

Furthermore, the "self-recruitment" procedures

has only focused on termites foraging underground.

CPBS is

different from these two techniques in the following waysi
1.

CPBS does not require prior activity at a bait

station.
2.

Termites placed in CPBS will have access to the

toxicant only after the targeted colony has established
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feeding

relationship

to

the

bait,

because

the

pathway

between two compartments was blocked by a cardboard roll and
eating through the block need time which gave termites
opportunity to build connecting shelter tube before getting
into T-compartment.
3.

The target of CPBS is the shelter tube of the

colony to be controlled, so the placement of CPBS will be
well guided by visible termite activity.
4.

Either

termites

from

the

targeted

colony

or

termites from other amicable colonies can be used in CPBS.
5.

Termites from the targeted colony will feed on the

non-toxicant material before feeding on the toxicant matrix.
It gives termites more time to be accustomed to and modify
their feeding environment in the bait.
6.
Termites

CPBS

does

used

in

not
the

disturb

the

p-compartment

targeted
can

be

colony.
collected

from infested tree trunks, structure wood, and even other
termites baits.

Because the target of CPBS is the shelter

tube of the colony to be controlled, it provides the pest
control operator with a convenient tool to combat above
ground infestations of Formosan subterranean termites.

CHAPTER 5
STUD IES O N FEEDING PREFERENCE O F F OR MO SAN
SU B T E R R A N E A N T E R M I T E S , C O P T O T E R M E S F O R M O S A N U S ,
SKIRAKI, ON AMINO ACIDS AND SUGARS

Introduction
Over the years,

materials used in the termite bait

matrix have included wood blocks (French & Robinson 1981),
toilet

paper

cardboard
1986).

rolls

(Haverty

et

al.

1975),

corrugated

(La Fage et al. 1983), and cork (French et al.

Although termite bait research began 27 years ago,

inconsistency in bait acceptance remains a problem today.
For

example,

baits

placed

within

galleries

often

bypassed by termites and not eaten (French 1991).
the

termite's

behavior

itself

(Chapters

3 and

are

Besides
4),

the

chemistry of the bait matrix material and toxicant play a
very important role in determining whether a termite accepts
the bait or not.
deterrent

within

Ideally,
the

the toxicant should not be a

biologically

range, and should be slow-acting.

active

concentration

Theoretically,

adding

feeding stimulants would increase the acceptance of the
bait.

In fact, adding natural products and chemicals into

the termite bait is not an unusual practice when attempting
to improve bait acceptance.

For example, in mainland China,

sugarcane bagasse is added to termite baits to increase bait
acceptance of Formosan subterranean termites (Dai and Luo
1980, Zhao 1981).

Although some researchers believe that
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sucrose is a feeding stimulant of Formosan subterranean
termites

(Dai and Luo

1980,

Zhao

1981),

there

are

no

publications that verify that the feeding preference of
Formosan subterranean termite for sugarcane is due to the
sugar content.
Generally,

termite diets

low in nitrogen.

are high in cellulose but

Because nitrogen is usually limited in

termite food (Cowling & Merrill 1966), nitrogen additives
may

increase bait acceptance and consumption.

(1941)

observed

that

a

nitrogen

source

added

Hungate
to

wood

possessing a low nitrogen content could increase the wood
consumption of Zootermopsis, Kaiotermes and Reticulitermes
spp.

Nitrogen additives also increased the fecundity of

mated pairs of Zootermopsis nevadensis (Hagen) (ShellmanReeve 1990).

Some amino acids are an essential nitrogen-

containing nutrient for animals.

On a diet of cellulose

(toilet paper) and nitrogen, food consumption by the desert
termite Gnathamitermes tubiformans (Buckley) increased as
dietary amino acid nitrogen level increased

(Spears

and

Ueckert 1976).
The objective of this study is to ascertain the effect
of amino acid- and sugar-treated filter paper consumption by
Formosan subterranean termites when evaluated in both choice
and no-choice tests.
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Materials and Methods
Termites were collected from colonies infesting houses
and

trees

in New Orleans

and Lake Charles,

Louisiana.

Collected termites were kept at room temperature (23—28*C)
in plastic containers (20 cm diam. and 20 cm high) with sand
and moistened corrugated cardboard.
Multiple-choice
•mino

acids.

feeding

preference

test

on

21

The apparatus used in this experiment is

illustrated in Figure 5.1.

One hundred fifty workers and 15

soldiers were introduced into a home container (HC) (8.41 cm
diam., 3.33 cm depth, Tristate Plastics, Inc., Dixon, KY)
containing 200g of moistened blasting sand (#4 fine, Easy
Crete Inc., Greenwell Springs, Louisiana).

This container

was connected with a Tygon* tube to a small connecting
container

(CC)

(5.08 cm diam.,

3.65 cm depth,

Tristate

Plastics, Inc.) also containing moistened sand.

Above the

connecting container was a feeding chamber (FC)

(18.09 cm

diam., 7.62 cm depth).

There was a small hole (3 mm diam.)

in both the center of the connecting container lid and the
bottom center of the feeding chamber

(exit path

(EP)).

Termites were able to gain access to food choices through
these two openings.

Filter paper circles

(FP)

(1.5 cm

diam., grade 1, Whatman*) were used as a food source.

Each

filter paper circle was dried at 80*C for 24 hours then
cooled in a desiccator for five hours and weighed.

Using a
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Figure S.l. The apparatus used in multiple choice feeding
preference test.
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FC:
FP:
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exit path
feeding chamber
filter paper circle
home container
tube block
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heated insect pin (size 1), equally spaced holes were made
along the

periphery of the

feeding chamber.

Twenty-two

filter paper circles then were symmetrically fixed to the
bottom of the feeding chamber by pining them in those holes
with minutens.
filter

paper

introduced

The distance from the exit path to each
circles

into the

was

8 cm.

After

home container,

termites

the

exit

covered with a small piece of Tygon® tubing.
tunnelled

through

the

home

container

were

path

was

After termites
and

connecting

container and appeared in the exit path of all apparatuses,
blocking tubes were removed so that the feeding test in all
replications
apparatus

could be started at the

was

same

time.

Each

buried in moistened vermiculite within

plastic box (31.12 cm long,

22.86 cm wide,

a

and 10.48 cm

high, Tristate Plastics, Inc.) to maintain high humidity,
decrease outside vibration, and block the light.
Amino
L-leucine,

acids

tested

L-isoleucine,

included

glycine,

L-cysteine,

L-methionine,

trans-4-hydroxyl-L-

proline, cis-4-hydroxyl-L-proline, L-asparagine, L-lysine,
L-proline,

L-histidine,

phenylalanine,
serine,

L-tryptophan,

L-asparagine,

D-aspartic acid,

L-arginine,

L-alanine,

L-

L-threonine,

L-

L-glutamic acids

and L-valine.

Amino acids were dissolved in distilled water to provide
0.01 H

solutions.

After each

filter

paper circle was

weighed and fixed in the feeding chamber, twenty microliters
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of each tested amino acid solution was applied onto the
filter paper circles with a micropipette.

Amino acids and

control (distilled water) filter paper circles were assigned
randomly to each apparatus.

After five days of termite

foraging, filter paper circles were removed, dried at 80*C
for 24 hours then cooled in a desiccator for five hours and
weighed.

Data were analyzed by ANOVA (SAS Institute 1968)

with Tukey's test for mean separation (P < 0.05).
was

used

to

replicates.

account

for

possible

variation

Blocking
between

The experiment was replicated ten times on

termites collected from one Lake Charles colony.
Multiple-choice
thirteen sugars.

feeding

preference

test

on

The apparatus used was the same as that

described in the multiple-choice feeding preference test on
21 amino acids (see Figure 5.1).

Termites used for this

test were members of the same colony used in the above
experiment

(notei

experiment).

termites

were

not

reused

tested

an

Fifty workers and five soldiers (colony N l )

were used for each set-up in this experiment.
sugars

after

included

arabinose,

fructose,

Thirteen
galactose,

glucose, mannose, melezitose, melibiose, raffinose, ribose,
sorbose,

sucrose, trehalose,

and xylose.

Each sugar was

dissolved in distilled water to provide 0.01 M solutions.
Twenty microliters of a tested sugar or distilled water
alone was applied onto each

filter paper circle with a
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micropipette.

Sugar-treated and control (distilled water)

filter

circles

paper

apparatus.

were

randomly

assigned

to

the

The experimental procedure, data collection and

analysis were the same as that described for the amino acid
study.

The experiment was replicated ten times.

Pairwise
D-aspartic

feeding

acid.

preference

test

with

The set-up was similar to that used in

the above experiment except that the feeding chamber was
smaller (6.41 cm diam., 3.33 cm depth).

Also, only two food

choices were presented to the foraging termites.

Filter

paper circles were treated with 20 pi of 0.01 M D-aspartic
acid

(treatment)

or 20 pi of deionized water

Four colonies were collected

(control).

from four different

trees

including maple (Acer spp.) Green ash (Fraxlnus spp.), Elm
(Ulmus spp.),
Rich.).

and bald cypress

(Taxodium distichum

[L.J

Tests with two colonies from maple and green ash

were replicated six times and with two colonies from elm and
baldcypress 10 times.

The experimental procedure was the

same as that of multiple-choice feeding preference test
except that the feeding duration was reduced to 48 hours and
only 50 worker termites and five soldier termites were used
in each replication.

A paired-sample t-test was used to

compare the mean food consumption of amino acid treated
filter paper to that of the control for each tree species.
A one-way ANOVA (SYSTAT 5.2.1, Inc. 1992, Evanston, IL) was
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used

to

compare

food

consumption

differences

between

treatment and control groups among all four tree species.
Multiple

choice

feeding

test

Colony N 3 , collected

from

New Orleans, Louisiana, was used in this experiment.

The

with

L- and D-aspartic acid.

preference

set-up was the same as that used in the above experiment.
However,

in

this

experiment

three

presented to the foraging termites:

food

choices

were

filter paper circle

treated with 0.01 M L-aspartic acid, filter paper circle
treated with 0.01 M D-aspartic acid, and filter paper circle
treated with distilled water.

Each filter paper circle was

treated with 20 yl of an assigned solution.

L-aspartic

acid, D-aspartic acid and control (distilled water) filter
paper circles were randomly assigned in the feeding chamber.
The experimental procedure was the same as that of the
multiple-choice feeding preference test on 21 amino acids
except that the feeding duration was reduced to three days
and 55 worker termites and five soldier termites were used
for each replication.
times.

The experiment was replicated ten

A multivariate repeated measurement analysis was

used to analyze these data (SAS Institute 1968).
Mo-choice

test

on

fifteen

amino

acids .

One

hundred worker termites and ten soldiers were placed in each
of 48 plastic petri dishes (8.41 cm diameter, 3.33 cm depth,
Tristate Plastics, Inc.).

Each set of three dishes received
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filter paper

(Whatman®* #2,

1.30g dry

weight)

that

was

moistened with 2 ml of an aqueous amino acid solution (0.01
M) of one of 15 amino acids,

or distilled water alone.

Amino acids tested were glycine, L-isoleucine, L-methionine,
L-leucine, L-cysteine, trans-4-hydroxyl-L-proline, L-lysine,
L-proline,
arginine,

L-histidine,

L-alanine,

L-threonine,

L-serine,

L-phenylalanine, Land

D-aspartic

acid.

Termites were incubated at 2 7-28'C for 10 days then filter
papers

were

dried

at

80*C

for

24

desiccator for five hours and weighed,
determine the amount consumed.

hours,

cooled

in

a

weights were used to

Data were analyzed by ANOVA

(SYSTAT 5.2.1, Inc. 1992, Evanston, IL) with Tukey's test
for mean separation (P < 0.05).
Mo-choice

test

on

thirteen

sugars.

The

experimental procedure, data collection, and analysis were
the same as that described above, except one soldier and 40
workers

were

used

in

this

experiment.

Filter

paper

(Whatman® #2, 0.45 g dry weight) was moistened with 1 ml of
a 0.1 M solution of a sugar.
placed in a plastic box
moistened vermiculite.
filter

papers

consumption.

were

Termites to be tested were

(20 cm diam.,

19 cm high)

with

After 10 days of incubating at 28*C,
weighted

to

determine

the

food

The same thirteen sugars tested in the choice

test were used in this experiment.
replicated three times.

Each sugar tested was

Data were analyzed by ANOVA (SYSTAT
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5.2.1, Inc. 1992, Evanston, IL) with Tukey's test for mean
separation (P < 0.05).
Results
Multiple-choice
amino

feeding

preference

te st

on

21

The feeding preference test data on amino

ecids.

acids are summarized in Figure 5.2.

There was a significant

difference of food consumption among amino acid treatments
and control filter paper circles (F = 2.29, DF * 21. P *
0.002), but only D-aspartic acid and L-glutamic acid treated
filter

paper

significantly

differed

from the

controls.

Tukey grouping was shown in figure 5.2.
Multiple-choice
sugars.

summarized

feeding

preference

test

on

13

The feeding preference test data on sugars are
in

Figure

5.3.

There

was

no

significant

difference of food consumption among sugar treatments and
control filter paper circles (F - 0.51, DF ■ 13. P » 0.91).
Pairwise
D-aspartic

feeding

acid.

preference

test

with

The data are summarized in Table 5.1.

These data indicate that D-aspartic acid was preferred by
Formosan subterranean termites regardless of colony origin.
There was no deviation from this preference among four tree
species (F ■ 1.907, DF * 3, P * 0.151).
Multiple
an d

ch oi c e

D-aspartic

feeding

acids.

pr efe re nc e

test

with

L-

The data for L- and D-aspartic

acid are summarized in Figure 5.4.

There was a significant
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food consumption {micrograms/termite/day)
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Figure 5.2.
Mean consumption (i SE) of filter paper
treated with an amino acid (21 tested) or water (control)
by Formosan subterranean termites given free choice. Mean
with the same letter are not significantly different (P >
0.05) using Tukey's mean separation.
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Figure 5.3.
Mean consumption (± SE) of filter paper
treated with sugars {13 tested) or water (control) by
Formosan subterranean termites given free choice.
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Table 5.1.
Feeding preference between D-aspartic acid
(treatment) and distilled water (control) treated filter
papers
(mean food consumption t SE)
by Formosan
subterranean termites collected from different tree species
in New Orleans and Lake Charles, Louisiana.
loss in dry mass (mg)#
tree species

P value*+
treatment

bald cypress 3.76 ± 0.22

control

difference

3.13 t 0.19

+0.63

< 0.05

elm

3.94 1 0.4

2.12 ± 0.32

+1.82

< 0.01

green ash

3.32 ± 0.5

1.30 ± 0.18

+2.02

< 0.01

maple

1.97 t 0.16

0.70 ± 0.16

+1.27

< 0.01

♦fed by fifty five termites for 48 hours,
♦♦paired-sample t-test.
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feed consumption (micrograros/termite/day)

40 1

30

20

'

10

-

I-aspartic acid

D-aspartic acid

distilled water

Figure 5.4.
Mean consumption (± SE) of filter paper
treated with L-aspartic acid, D-aspartic acid, or water
(control) by Formosan subterranean termites given free
choice.
Mean with the same letter are not significantly
different (P > 0.05) using analysis of variance of contrast
variables.
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difference in L-aspartic acid and D-aspartic acid filter
paper consumption compared to the control (P = 0.0037 and p
■ 0.0247 respectively).

There was no significant difference

in preference between L-aspartic acid and D-aspartic acid
treated filter paper circles (P ■ 0.287).
No-choice

test

on

fifteen

amino

Data

acids.

on the no-choice feeding tests are summarized in Figure 5.5,
There was a significant difference in food consumption among
amino acid treatments and control filter paper circles (F =
7.35, DF = 15, P < 0.001).

Consumption on filter paper

circles treated with L-isoleucine, L-leucine, L-methionine,
L-leucine,

L-cysteine,

trans-4-hydroxyl-L-proline,

L-

asparagine, L-lysine, L-proline, L-alanine, L-phenylalanine,
L-serine,
However

and

only

D-aspartic

acid

L-isoleucine,

was

numerically

L-lysine

and

higher.

L-proline

were

significantly different from the controls (P < 0.001 for Lproline,

P

*

0.036

for

L-lysine,

P

=

0.007

for

L-

isoleucine).
No-choice

test

on

thi rteen

sugars.

Data on the

no-choice feeding tests of thirteen sugars are summarized in
Figure

5.6.

consumption

There
among

was

a

significant

filter papers treated

difference
with

in

different

sugars or water alone (DF * 13, F ■ 3.05, P ■ 0.007), but no
single sugar significantly increased or decreased the food
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Figure 5.5.
Mean consumption (± SB) of filter paper
treated with an amino acid (15 tested) or water (control)
by Formosan subterranean termites given no choice.
Mean
with the same letter are not significantly different (P >
0.05) using Tukey's mean separation.

116

food consumption (micrograms/termite/day)

Figure 5.6.
Mean consumption (1 SE) of filter paper
treated with a sugar (13 tested) or water (control) by
Formosan subterranean termites given no choice. Mean with
the same letter are not significantly different (P > 0.05)
using Tukey's mean separation.
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consumption of Formosan subterranean termites over that of
the control.
Discussion
undoubtedly,

Formosan

subterranean

termites

nitrogen to fulfill their life functions.

need

The question

remains, however, how do termites get sufficient nitrogen by
feeding on nitrogen poor wood? Although there is evidence of
nitrogen fixation in termites (Potrikus and Breznak 1977),
whether

nitrogen

fixation can meet all of

requirements is still unknown.
indicate

that

Formosan

the

nitrogen

Results of these experiments

subterranean

termites

show

a

preference for food sources containing specific amino acids.
These data suggest that Formosan subterranean termites may
be able to feed preferentially on high nitrogen sources, and
thus take an active role in providing the colony with needed
nitrogen.
Formosan subterranean termites cause serious damage to
sugarcane in some areas of south China (Dai & Luo 1980).
Sucrose

and

sugarcane

bagasse

(residue

of

milling

or

diffusing cane) has been used as an additive to increase the
attractiveness of Formosan subterranean termite baits (Zhao
1981).
sugar

However,
had

a

my experiments indicate that no single

feeding

stimulant

effect.

Because

the

concentration of sucrose used in termite baits in mainland
China was not made available, no direct comparison can be
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made on concentration effects.
different

In some circumstances,

concentrations of the same chemical

may

have

different effects on insects (Ma 1972, van Emden 1978).
About one-half of bagasse is fiber and the other half
is the residual juice (Chen 1985).

Aspartic acid, glutamic

acid, and alanine are three of the most common free amino
acids in sugarcane raw juice, and aspartic acid and glutamic
acid are the most common amino acids in proteins of the cane
juice (Irvine 1985).
have been

L-aspartic acid and L-glutamic acid

found to stimulate the feeding of other

soil

insects, such as larvae of the New Zealand beetle Costelytra
zeal andica (White)(Coleoptera: Melolonthinae)
Hiller

1974)

and

tfeteronychus
experiments

larvae

arator

of

(F.)

indirectly

the African
(Sutherland

suggest

that

(Sutherland &
Scarab

1983).

aspartic

beetle
These

acid

and

glutamic acid may play an important role in the palatability
and attractiveness of sugarcane to Formosan subterranean
termites.
Interestingly, aspartic acid and glutamic acid are the
only two amino acids with two carboxyl groups on their
molecules.

Though the data are only suggestive, lowering

the

the

pH

of

termite

food

increasing its acceptance.

also

may

play

a

Yaga

(1972)

found

in

The pH value of the juice of

normal mature sugarcane ranges from 4.7 3 to 5.63
1985).

role

the

secretion

of

(Irvine
Formosan
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subterranean termites containing glutamic acid and aspartic
acids and both to be attractive.

In nature,

D-amino acids

are found only in small peptides of bacterial cell walls and
in

some

peptide

antibiotics.

Because

protozoans

and

bacteria are involved in the food digestion of termites, the
question of whether termites can utilize O-amino acids as
nitrogen

sources

only

will

be

answered

by

further

experiments.
The

data

obtained

from the

no-choice

feeding

test

may reflect differences in the suitability and acceptability
of foods that generally also may be expressed in choice
tests (vadas 1977).

However, difference between the results

of no-choice and choice tests was found in this experiment.
Inconsistencies

between results of choice and no-choice

tests are not unusual (Meehan & Wilde 1989).
tests

generated

information

on

feeding

Choice feeding
preference

of

termites, whereas no-choice feeding test showed whether a
chemical

could

termites.

increase

These

results

the

total

strongly

food

consumption

suggest

that

of

adding

feeding stimulants such as aspartic acid, L-glutamic acid,
or L-proline to termite baits in the field will reduce the
inconsistency of bait acceptance and increase the
consumption.

bait

CHAPTER 6
A M E W TECHNIQ UE TO SCR EEN PEEDINO STIM ULA NTS PRO M
N A T U R A L PRODUCTS FOR FO R M O S A N SU BT ER RANE AN T E R M I T E ,
C O P T O T E R M E S P O R M O S A W U S SHIRAKI

Introduction
In
feeding

general

there

stimulantst

are

1)

two

ways

screening

to

obtain

termite

known chemicals

using

feeding bioassays (see Chapter 5) and 2) isolating feeding
stimulants

from natural

products

such as

the

termite's

preferred foods and other materials.
Seeking
quite

similar

feeding stimulants
to screening

for

from natural products
feeding deterrents

is

from

natural products.

For both, potential chemicals need to

first be isolated

and then tested in a feeding bioassay.

Such bioassays require a large number of insects because it
is necessary, in most cases, to evaluate all fractions of
the isolates.

This can be a laborious procedure (Escoubas

et al. 1992) and has prompted the development of alternative
methods (Alkofahi et al. 1989).
techniques

One of the most intriguing

is the incorporation of bioautography

in the

isolation of insect antifeedant compounds (Escoubas et al.
1992)

and

kairomones

which

affect

feeding

(Ferguson et al. 1983, Metcalf et al. 1980).

in

insects

Bioautography

also has been commonly used in screening compounds with
antimicrobial activity (Rios et al.

1988).

To do this,

extracts are isolated on a thin layer chromatography (TLC)
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plate

which

are

microorganisms.
growth

coated

with

Antimicrobials

a

are quickly

inhibition on the TLC plate

Bioautography

used

in

screening

medium

containing
located

(Rios et al.

feeding

by

1988).

stimulants

or

feeding deterrents of insects requires that the insect diet
be coated on the TLC plate.

Feeding stimulants and feeding

deterrents can be determined by examining consumption of the
spot or band (Escoubas et al. 1992, Ferguson et al. 1983,
Metcalf

et

al.

1980).

Based

on

the

principle

of

bioautography and the fact that cellulose is the food of
termites and also is the common stationary phase of paper
chromatography
termite

(PC),

feeding

a new technique to quickly

stimulants

from

natural

screen

products

was

developed as part of this study.
In the bioautography, how the TLC plate is presented
to the
example,

insects

is a very important consideration.

For

the chance that each insect gets access to each

band on the TLC plate with equal probability is unlikely,
because the distance between each band and any tested insect
almost certainly varies.

This kind of physical variation

inevitably would affect the feeding preference of termites.
Termites in a square container preferentially feed at the
corners; this phenomenon has been referred to by a japanese
researcher as a “corner effect" (Tsunoda K., Wood Research
Institute, Kyoto University, personal communication) .

It
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was verified that Formosan subterranean termites preferred
to feed along edges around the wall of a dish (Figure 6.1).
Although

this

is

not

direct

evidence

of

thigmotactic

behavior of Formosan subterranean termites,

it indicates

that the physical set-up of the food needs to be considered
in any termite feeding bioassay.

If possible, an identical

physical environment should be given to each food choice in
a feeding test so as not to mask or exaggerate the effect of
a tested chemical compound.

In consideration of this, a new

method of bioassay has been developed.
Here,

feeding

stimulant

isolating

bioassay method are described in detail.
the

isolation

of

feeding

technique

and

The results on

stimulants

from

Formosan

subterranean termite carton material and pine wood, Pinus
spp, are presented
Materials and Methods
Termites,

carton

material

and

pine

wood.

Termites were collected from colonies infesting maple trees
(Acer spp.) in New Orleans, Louisiana.

Collected termites

were put in plastic containers (20 cm diam., 20 cm high) and
held at room temperature (23-28*C) with moistened cardboard
and sand.
colony

Termite carton material was collected from a
infesting

a

bald

cypress

tree

distichum [L.] Rich) in Lake Charles, Louisiana,

(Taxodi u m
pine wood
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before feeding

after feeding.

Figure 6.1.
Feeding pattern of Formosan subterranean
termites on a filter paper circle covered by a dish. Black
area along filter paper indicates termite feeding.
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(Pinus spp.) was purchased from a local hardware store in
Baton Rouge, Louisiana.

is

Isolation

of

fee din g

illustrated

in

Figure

The

stimulants.

6.2.

Sixty

grams

material were ground and then extracted with

procedure
of

tested

100 ml 51

aqueous methanol for one week at room temperature.

Forty

microliters of crude extract were then applied as a streak
onto each of eight paper strips

(Whatman* chromatography

paper [20 x 20 cm. 3 mm thick] was cut into strips [18.25 x
2.5 cm]).

The extract was developed using a n-butanol-

acetic acid-water solvent system (see the preparation of
solvent

system).

Paper chromatography

development was

stopped when the solvent migrated 2.5 cm in front of the
paper strip end.

After the paper strip was dried, it was

directly used in the feeding bioassay.

The feeding bioassay

was repeated two times for the nest carton material extract
and

three

bioassay).

times

for

pine

The overlapped

wood

extract

(see

feeding

feeding area on paper strip

replications were cut from reference paper strips and then
rinsed for five hours in a beaker using 5% aqueous methanol.
Preparation

of

solvent

system.

Sixty

ml

of

glacial acetic acid were added to 500 ml of a freshly shaken
mixture of equal volumes of deionized water and n-butanol.
After the layers separated, the upper layer was used as the

Isolation (p a p e r
ch ro m a to g ra p h y )

F eed in g b io a s s a y

n
Cutting from
reference p a p e r
strips

collecting

f e e d in g
stim ulants

t

0

fl

I d e n tific a tio n b y G C MS,
N M D , a n d Hi

Figure 6.2.
The p ro ce dur e of h i o a u t o gr ap hy to sc re en feeding sti mul an ts
Formosan subterranean termites using paper ch ro m at og taphy (see the description
text).
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moving phase and 50 ml of the lower layer was placed in a
glass container in the chromatogram chamber.
Feeding

The

bioassay.

apparatus

used

feeding bioassay is illustrated in Figure

6.3.

in

the

A home

container (8.41 cm diam., 3.33 cm depth, Tristate Plastics,
Inc.,

Dixon,

sterilized

KY)

containing

150

g

of

moistened

sand was connected with a Tygon®

tube

and
to

a

connecting container (8.41 cm diam., 3.33 cm depth, Tristate
Plastics,

Inc.)

sterilized sand.

which

also

contained

moistened

and

Above the connecting container was

a

feeding chamber (same dimensions as connecting container).
There was a small hole (3 mm diameter) in both the center of
the connecting container lid and the bottom center of the
feeding chamber (exit path).

One hundred and fifty workers

and 15 soldiers were introduced into each home container.
Termites gained access to the feeding chamber through the
exit pass.

The paper strip was lined against the wall of

the feeding chamber to provide the same feeding opportunity
for each band on the paper strip (Figure 6.3).

The distance

from the exit path to each band on the paper strip was 4.205
cm.
For

the

seven day

feeding bioassay,

the

apparatus

was buried in moistened vermiculite within a plastic box
(31.12 cm long, 22.86 cm wide and 10.48 cm high, Tristate

..
i tro d i in ;

o lia n itto i

*\

..
Jill |l*■I

Ni l

I

[..-/*

u
I
t

"Kil

_u*

homo

om it n i not

..... .

......

I I

natural products.6 feedlng bioassay apparatus useti to scroen foodinrj stimulants from
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Plastic,

Inc.)

to

block

the

light,

maintain

high

humidity,and decrease outside vibration.
Results
The results are summarized in Figure €.4.

The feeding

pattern on paper strips on which either pine wood or carton
nest extracts had isolated was focused on several discrete
areas. The feeding activity of the extracts was localized in
two feeding areas for termite carton nest, and along one
relatively broad area for pine wood.
termites

fed

preferentially

These areas where

indicated

the

presence

of

feeding stimulants.
For the extractant of termite carton nest material, the
overlapping feeding areas for two replications were found at
Rf 0.13 - 0.31 and Rf 0.65 - 0.79 (Rf « migration distance
of

isolate

/ migration distance of solvent).

For the

extractant of pine wood, the overlapping feeding areas for
three replication were found at Rf 0.63 - 0.83.
Discussion
This experiment demonstrated that bioautography using
paper

chromatography

could

be

used

to

feeding stimulants from natural products.

isolate

termite

In the two cases

presented here, the presence of feeding stimulants in both
nest carton material and pine wood was demonstrated.

This

is the first time paper chromatography has been used in a
bioautography to screen feeding stimulants

for termites.

129

- 0(3
3 30

i

i

<

I

1

(

J

3 80

j

3 70

3 60
3 50
3 -id

-J. 1

0.30
030

0.10

■1

0

oo

Figure 6.4.
The results of the feeding bioassay on paper
strips containing the extracts of Formosan subterranean
termite nest carton material, pine wood, or nothing after
being separated using paper chromatography.
Black area
indicated the feeding of termites.
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The

cellulose-feeding

application of this

habit

of

termites

technique especially

makes

the

practical

for

termites since the paper strip serves both as the stationary
phase in the paper chromatography and the feeding substrate
in the feeding bioassay.
The

components

possiblly a mixture.

separated

using

this

technique

Further isolation is necessary.

proposed procedure is to isolate these components

are
One

again

using paper chromatography in a different solvent system and
then to conduct the feeding bioassay using methods described
in this chapter.

Another posssible procedure is to isolate

these components using other analytical instruments, such as
High Performance Liquid Chromatography (HPLC) and collected
each chromatographic fraction.
bioassayed

using

the choice

These fractions could be
feeding

test

described

in

Chapter 5.
One question that still needs to be considered is the
sensitivity of this technique.

The same chemical that acts

as a feeding stimulant at one concentration may be neutral,
or a feeding deterrent at another concentration (Ma 1972,
van Emden 1978).

Feeding stimulants may not be detected if

their concentration on the paper strip is too low or too
high.

This

may

be

overcome

by

testing

a

range

concentrations from the original material extracted.
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